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“ILL WIND” BLOWS 
AXIS NO GOOD 


Air conditioning is an ill wind that 
is blowing the axis no good in the 
matter of American war production. 
ust how important air conditioning 
is for war output is reflected at the 
Package Machinery Co., which is com- 
pleting re-tooling to produce essen- 
ial items for the Navy. 

Absolutely clean and cooled air is 
he first requisite for the assembly 
room, where tests will run continu- 
ously 24 hr a day. If the tempera- 
ture of the room started at normal 
putside temperature, heat generated 
by the test work would shoot the ther- 
mometer up 25 deg in less than an 
hour without air conditioning. 


PAW ISSUES 
FUEL OIL ORDER 


Petroleum distribution order No. 13, 
replacing the provisions of WPB 
order L-56 dealing with limitations on 
delivery of fuel oil, was issued June 
30 by Petroleum Administrator for 
War Harold L. Ickes. The new order 
incorporates the provisions of L-56 
plus three important changes: 


1) Fourteen new states and that 
part of Florida west of the Apalachi- 
cola river have been added to the ter- 
ritory in which deliveries of fuel oil 
are prohibited for consumption in new 
equipment installations or installa- 
tions converted to fuel oil from other 
fuels. With this addition the order 
now covers the entire United States. 
Exceptions are provided for cases 
where certain conditions existed in 
the newly added territory. 

2) Delivery of fuel oil for weed 
control purposes is prohibited. 

3) Where new space heaters have 
been acquired under OPA ration 
order No. 9, the delivery of fuel oil is 
permitted. 


MINERAL WOOL INSULATION 
“ESSENTIAL ACTIVITY” 


Likelihood of unavoidable fuel 
shortages next winter has led the 
War Manpower Commission to de- 
clare the application of mineral wool 
for home insulation an “essential ac- 
tivity.” Announcement of the deci- 
sion, made in the interest of fuel con- 
servation, is contained in a letter 
from the executive director’s office to 
Wharton Clay, secretary of the Na- 
tional Mineral Wool Association. The 
letter says in part: 

“The War Manpower Commission’s 
committee on essential activities has 
mterpreted the installation of min- 


eral wool to be encompassed within 
building maintenance and repair serv- 
ices which is included with group 31, 
repair services, of the list and index 
of essential activities. Copies of the 
list and index have been forwarded 
to all United States Employment 
Service offices and to all War Man- 
power Commission area, state, and 
regional offices for use in connection 
with placement and stabilization pol- 
icies and programs.” 

Workers in mineral wool manufac- 
turing plants had previously been de- 
clared “essential” by the WMC, due 
in part to extensive requirements for 
insulation by the Army and Navy, 
says Mr. Clay. 


AMENDED ORDER ON 
COIL OR TUBE ASSEMBLIES 


Schedule III to the War Produc- 
tion Board’s limitation order L-126, 
as amended June 26, presents re- 
quired specifications for coil or tube 
assemblies for refrigeration condens- 
ers or coolers. 

The required specifications estab- 
lished by the order do not prohibit, 
the order specifically states, “the use 
(in the production or fabrication of, 
or the delivery, acceptance, or instal- 
lation of coil or tube assemblies for 
condensers, or coolers of the finned 
type, only where the tubing is ex- 
panded to obtain the bond between 
tubing and fins) of seamless steel 
tubing % in. OD size and larger, in 
coil or tube assemblies manufactured 
prior to September 15, 1943.” 





Welders at the plants of the York 
Corp. have put on the war paint liter- 
ally in the battle of production to 
bring a new kind of totem art to the 
factory. Each of the grim “devil 
masks” is the individual work of its 
owner. One of the masks is shown 
here in use by a worker helping to 
weld the heavy steel plates of a Gen- 
eral Sherman tank 
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OIL BURNER ORDER 
L-74 AMENDED 


To restrict manufacture and secure 
more equitable allocation and freer 
distribution (especially to the armed 
forces) of existing stocks of oil burn 
ers, the War Production Board 
sued limitation order L-74 as amend 
ed on June 28, 1943. It is the pur 
pose of the order to have all orders 
for class B burners routed through 
the plumbing and heating division of 
WPB so that prospective purchasers 
can be directed to available supplies. 

Under the amended order, burners 
are divided into three classes. Class 
A comprises those burners which us¢ 
No. 5, 6, or heavier fuel oil, or which 
are designed specifically for  ship- 
board use or for heat processing 
Class B comprises those burner: 
which use Nos. 1, 2, 3, or 4 fuel oil, 
except a class C burner which is a pot 
type vaporizing burner using No. 1 
fuel oil exclusively. 

An approved order for a _ class 
A or C burner is one authorized un- 
der a construction order or for the 
account of a claimant agency. All 
orders for class A or C burners fo: 
other end uses and all class B burn 
ers must be approved on WPB form 


9707 


mint. 

The order prohibits placement of 
an order for any oil burner to be used 
in an area restricted by order L-56 
or any order issued by the Petroleum 
Administrator for War, unless such 
order be accompanied by a copy of 
an authorization from PAW permit 
ting the delivery of oil for such 
burner. 

Two other WPB orders had a direct 
bearing on this amended order. No. 
L-79 restricted delivery of oil burn- 
ers to ultimate consumers, except on 
orders bearing a preference rating 
of A-10 or higher. L-79 has now 
been amended to remove oil burners 
from its restrictions. Order L-56 
prohibited the delivery of fuel oil to 
new installations of oil burners un- 
less approval had been obtained from 
PAW. 


LACKENS NAMED 
NIAA HEAD 


Frederic I. Lackens, advertising 
manager of the Hays Corp., was 
elected president of the National In- 
dustrial Advertisers Association, Inc., 
at the central regional wartime con- 
ference of the NIAA held recently in 
Cleveland. 

Vice presidents elected include: 
Alan Ballantyne, Novo Engine Co.; 
Walter A. Bowe, Carrier Corp.; Wil- 
mer H. Cordes, American Steel & 
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Wire Co.; Edward V. Creagh, Ameri- 
can Chain & Cable Co., Inc.; John A. 
M. Galilee, Canadian Westinghouse 
Co., Ltd.; John H. Kunkel, Fluor 
Corp.; J. M. McKibben, Westinghouse 
Electric & Mfg. Co.; and Graham 
Rohrer, Baldwin-Hill Co. 


This chart, issued by the Business 
Press Industrial Scrap Committee, 
graphically shows the sound logic 
back of the continual drive for MORE 
and MORE iron and steel scrap. Elo- 
quently it tells why every bit of idle 
metal should be put in use, be sold 
to someone who can use it or dis- 
posed of as scrap. 

The saving in raw materials, trans- 








To make 


WITHOUT SCRAP 


would have taken... 








165,000,000 
TONS OF IRON ORE 


PN 


120,000,000 
TONS OF COAL 


yo we 
36,000,000 
TONS OF LIMESTONE 











ALL OF WHICH 
WOULD HAVE PRODUCED 






86,000,000 
TONS OF INGOTS 
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WHY SCRAP IS SO IMPORTANT 


(Using 1942 Steel Requirements as an example) 


But steel is made 
America’s 1942 Steel Quota WITH SCRAP so only _ steel made possible these 
these quantities 
were actually needed... 


109,000,000° 
TONS OF IRON ORE 





y ON 


78,000,000° 


TONS OF COAL 


y-™ i. 
30,000,000° 
TONS OF LIMESTONE 


44,000,000° A 
TONS OF SCRAP 


which made 


86,000,000° 
TONS OF INGOTS 


@ ORE LOADINGS — 5,600 fewer shiploads were 
required saving time, transportation, labor. 


@ COAL SAVINGS — enough coal was saved to heat 
4,200,000 average homes for one year. 


@ LIMESTONE SAVINGS-—the limestone saved would 
provide cement for an 8,000 mile, 2 lane highway. 


“STATISTICS FROM AMERICAN IRON AND STEEL INSTITUTE 


DROP FORGE PLANT 
HAS PIPING TUNNEL 


In a modern war plant built for 
168 hr a week flow line production, the 
location of the piping presents a prob- 
lem. The piping must not be in the 


portation and manpower made pos- 
sible by the use of scrap is reason 
enough, in these war-tightened days, 
for everyone to pitch in and help the 
scrap program. But there are two 
bigger and more important reasons: 

1. With scrap, steel can be made 
FASTER. 

2. The use of scrap CONSERVES 
our nation’s natural resources. 









SCRAP iron and 








savings of America's 
Natural resources 
















56,000,000 
TONS OF IRON ORE 


42,000,000 
TONS OF COAL 














6,000,000 
TONS OF LIMESTONE 







THESE SAVINGS 
MEAN 


















5.600 LOADINGS 












4,200,000 
homes heated 
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way of cranes and other equip: 
but must be readily accessible a 
points for maintenance and a 
tion. Such was the case in the 
drop forge plant of Kropp |! 
Aviation Co. Joe E. White, p: 
manager of the enterprise, des 
how the problem was solved. 
Requirements were met by instal. 

ling the piping in a tunnel, w 





height of 6 ft 6 in. and the 
width, lined with concrete. This tur 
nel has the form of a large capital 
T. The base of the T is at the pow 
plant and the horizontal bar rur 
length of the forge shop, a distan 
of several hundred feet. 

The tunnel renders the steam, oil 
and air piping accessible at all t 
for inspection, adjustments, o1 
pairs. 


AIR CONDITIONING CONTROLS 
POWDER BURNING 


Air conditioning is playing : 
part in insuring consistent perform- 
ance of bombs and shells in : 
combat, according to engineers of t! 
Westinghouse Electric and Mfg. (Co 

In rooms where powder is being 
loaded into the projectiles, it is ex- 
tremely important that atmospher 
conditions be carefully and consist- 
ently controlled. The burning rate of 
the powder varies considerably 
relative humidity of the loading 
rooms is subject to wide variatiol 
It is also important, especially ™ 
winter months, to keep relative hv 
midity at a constant level, sufficiently 
high to reduce the danger of expl- 
sions from static discharges. 


~ * * 


HPAC’s readers are cordially ™- 
vited to comment on articles published 
in Heating, Piping & Atr Conditwr 
ing. See pages 405-407 this mont! 
for interesting additional informe 
tion about subjects which have beer 
treated previously. 
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How to keep your Jennings Heating Pumps 
in First Class operating condition for Duration... 
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DRAIN PLUGS 


(OUR JENNINGS 
RETURN LINE VACUUM HEATING PUMPS 


are an important part of plant or building equipment. They cannot 
be easily replaced and must last for a long time. Jennings Pumps 
are designed for long life, and have extra capacity which will 
count when it may be difficult to maintain lines and equipment 
free from leaks, but to give full service they must have proper care. 


Now that these pumps have been in service all winter on 
the heating system, they should have a thorough inspection. 
Special attention should be given to the bearings, as no wearing 
contact occurs in a Jennings Pump as long as the ball bearings 
are properly maintained. 

In most cases Jennings Pumps will require only the check- 
up we have recommended. If additional adjustments or repairs 
are found to be necessary, they should be undertaken at once. 
Do not wait until both time and materials are running short. Nash 
Service Branches are established throughout the United States. 
If you do not know the address of the one nearest to you, write 
directly to this office. Nash Service is yours to command, NOW. 


SERVICE POINTERS 


ab LUBRICATE PUMP AND MOTOR 
BEARINGS . . . Check bearings 
for end play, or radial play, and be sure 
they contain no grit, or foreign matter. 
If found to be clean and in good condi. 
tion, fill with proper non-acid grease |v- 
bricant. If motor has oil lubricated bear. 
ings, flush out with fresh oil, and refill 


@ CLEAN STRAINER AND STRAINER 
SCREEN .. . Clean strainer well 
and strainer screen. If screen is found to 
be worn, and has passed foreign mot- 
ter, thoroughly flush both receiving tank 
and pump casing. Drain plugs are con- 
veniently located . . . Damaged screen 
should be repaired or replaced at once. 


€} RENEW STUFFING BOX PACKING 
...Remove old packing and clean 
stuffing box. Fill with new loose-woven 
graphite-impregnated stuffing box pack- 
ing, in individual rings. Be sure joints are 
staggered, and that ends butt properly 
without over-lapping. Do not finally tight- 
en gland until pump is again in operation. 


SPECTED ... Have an experienced 
electrical service man go carefully over 
motor and control. Follow his recommendo- 
tions and if repairs or replacements are in- 
dicated, have the work done immediately 


5) CHECK OPERATOR'S INSTRUC. 
TION BOOK... If operating instruc: 
tions originally furnished with the pumps 
have been lost, write to us at once for a new 
copy for each pump. BE SURE TO FURNISH 
US THE TEST NUMBER OF EACH PUWP, 
as stamped on the pump name plate. 


IF PUMPS REQUIRE REPAIRS... 

and you do not know the address 
of our nearest Service Branch, notify us 
at once, and we will have our Service 
Engineer get in touch with you withou! 
delay . . . There are well equipped Nosh 
Service Branches in most principal cities, 
ready to give you every possible help. 


Q HAVE MOTOR AND CONTROLIN. 


NASH ENGINEERING COMPANY 


254A WILSON ROAD °° 


SOUTH NORWALK, 


CONN. 
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T CLYBOURN - Division - State 
street route of the initial system 
of subways for the city of Chicago 
is about ready to be placed in oper- 
ation. At the present writing 
trains are making test runs within 
the subway. The basic, heavy con- 
struction of the Milwaukee-Lake- 
Dearborn street route of the initial 
system has been completed, but the 
equipping of this route will no 
doubt be delayed until after the 
war. 

These subways have been de- 
signed and are being built by the 
department of subways and super- 
highways, city of Chicago, under 
the direction of Philip Harrington, 
commissioner, and Charles E. De- 
leuw, acting chief engineer, with 
the cooperation of the Public 
Works Administration, which is 
represented by the PWA subway 
commission, and Joshua D’Espo- 
sito, PWA project engineer, and 
their staffs. 

In the design and building of 
this new subway system, the engi- 
neers have attempted to incorpor- 
ate every modern feature for the 
safety and convenience of the trav- 
eling public. It was recognized 
that every effort should be made 
to provide underground travel 
which would be pleasant as well as 
speedy and convenient. It was also 
recognized that nothing would con- 
tribute more to the comfort of pas- 
sengers within the subway than a 
first class ventilation system. In 
keeping with these objectives, 
available data on the ventilating fa- 
cilities of the world’s principal 
subway systems were studied, and 
a number of original investigations 
were conducted. Knowledge gained 
from these investigations is re- 
flected in the standards of design 
that were adopted. 


Heat Disposal 


In the early days of subway and 
tunnel building, little attention was 
given to the ventilation of these 
Structures. The accounts in the 
technical literature of the results 
of this omission and the struggles 
and efforts of engineers to correct 
the lack of ventilation in the early 
tunnels makes interesting reading. 
For instance, this sentence appears 
in a paper entitled The Great Al- 
pine Tunnels, by Francis Fox, pre- 
sented before the Royal Institution 


VENTILATING 


the new Chicago 


SUBWAY 


Walter E. Rasmus, Subway Mechanical Engineer, 
Department of Subways and Superhighways, City 
of Chicago, Describes the Studies and Methods 


as 





Artists’ perspective of the subway structure at a downtown station 


of Great Britain in 1901: “A 
heavy train of dining and sleeping 
carriages, with two engines con- 
veying one of the crowned heads of 
Europe and suite, arrived at the 
exit of the Pracchia tunnel with 
both enginemen and both firemen 
insensible; and in other cases pas- 
sengers have been seriously af- 
fected.” Speaking of the St. 
Gothard tunnel, the author also 
states, “One might as conveniently 
travel in a furnace flue.” Of 
course the problem in these early 
tunnels was greatly aggravated by 
the fact that coal burning locomo- 
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tives poured out the products of 
combustion into the tunnels. 

The advent of the electrically 
operated train made possible the 
elimination of smoke and combus- 
tion gases in tunnels, but did not 
eliminate the problem of heat. In 
the design and building of the 
earliest subways for electric train 
operation it was not generally rec- 
ognized that the generation of heat 
by the car motors was a serious 
problem until these subways had 
been in operation for several years 
and the temperature of the sub- 
ways was found to be on a continu- 
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Downtown station fan 


ous rise. It was not uncommon 
for subway temperatures to get up 
in the 90’s and stay there all sum- 
mer, even though the outside tem- 
perature at various times dropped 
to the 60’s or 70’s. Since then there 
has been a great improvement in 
the ventilation of subways and it 
has been determined that the only 
practical and economical method of 
disposing of the heat produced by 
the car motors, other miscellaneous 
motors, the lighting system and by 
the passengers is by the circulation 
of outside air within the subway. 

With this in mind, the designers 
of the Chicago subway made a 
careful determination of the 
amount of heat that would be pro- 
duced in the subway and then pro- 
vided sufficient ventilation so that 
the subway temperatures might be 
kept at comfortable levels. By far 
the greatest portion of heat gen- 
erated in the subway will come 
from the car motors. The heat 
from lights, miscellaneous motors, 
and passengers probably will not 
account for more than 15 per cent 
of the total hedt produced. 


All of the electrical energy con- 
sumed by the car motors will be 
converted to heat principally by 
friction, and this heat will be soaked 
up by the interior subway surfaces 
and result in a continuous rise in 
temperature unless means for its 
removal are provided. The subway 
for the most part is at a depth of 
about 45 ft and the surrounding 
earth is an excellent heat insulator. 
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It is estimated that under full op- 
eration, heat will be produced at the 
average rate of approximately 250 
Btu per hr per lineal foot of tube. 
This is a very considerable quan- 
tity of heat as is at once evident 
when it is realized that it is equiva- 
lent to the burning of about 10 tons 
of coal in the Clybourn-Division- 
State street subway every 24 hr. 
The amount of ventilation required 
for heat disposal is actually much 
in excess of that required for sup- 
plying necessary fresh air to sub- 
way patrons. Thus the problem 
of the so-called ventilation of sub- 
ways is not a problem of ventilation 
at all, in the ordinary sense, but is 
a problem of heat disposal. 


Condensation 


Another important function of a 
subway ventilation system is the 
elimination or reduction of conden- 
sation within the subway during 
the period preceding train opera- 
tion. Since subways are not built 
in a day, this problem is present 
over a considerable period of time. 
As is well known, the temperature 
of the ground in Chicago at the 
depth of the subway is approxi- 
mately 50 F throughout the year. 
Without mechanical ventilation, the 
subway tends to remain at this 
temperature throughout the sum- 
mer with a rise of about 5 or 6 
deg by midsummer as a result of 
the natural circulation of air by 
way of vent shafts, portals, and 
stairwells. Thus, during those peri- 


Piston Action 


Piston action of moving trai 


will be depended upon for norm 


ventilation of the major portion 
the Chicago subway. Fans will 
depended upon for ventilation 
the tunnels during emergencies a 
for the ventilation of the tunn 
at the river crossing. Fans y 
also be depended upon to supp 
ment the piston action ventilat 
in the downtown stations betw 
Lake street and Van Buren str: 


The electrically operated 


will be depended upon to preven 


short circuiting of air flows 
duced by 
for the of heat 


the subway during freezi: 


retention 
weather. 


ods when the dew point of the 
side air is above, say, 55 F, a! 
the surfaces of the subway be 
bathed in condensation with 

ous corrosion of 
trical and mechanical 
resulting. The critical period co: 
uring the months of June, J 


steel 
equipn 


nnd August when the dew point of 
the outside air is seldom below 


55 F. By operating all the 


and e! 


withi 


louvers 


fan operation and also 


y+ 
t 


on an average of about 10 hr p: 


day during the month of June 


year the subway temperatures hav 


been raised to at least 62 F, a 
in many locations, to levels 


proximating the outside temper 


tures. This raising of the sul 
temperatures has greatly redu 


the number of periods of condensa- 


tion and also the intensity of 


densation during the few remail 


ing periods when the dew 


Emergency tunnel fan 


~ 
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is above the raised subway tem- 
perature. It is confidently antici- 
pated that continued fan operation 
will so reduce the frequency and 
the intensity of condensation that 
this problem need cause no further 
concern. 

Starting on February 20, 1940, 
weekly observations of temperature 
and humidity in the subway were 
made at five different stations, 
these observations being continued 
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to March 31, 1942. The averages of 
these readings were plotted on a 
graph together with outdoor tem- 
perature readings taken simulta- 
neously with the subway tempera- 
ture readings. Also plotted on this 
chart were the average tempera- 
ture and dew point curves for Chi- 
cago. Of special significance in 
connection with the problem of 
condensation was the average dew 
points for Chicago. We will have 
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condensation in the subway onl 
at those times when the subwaj 
temperature is below the dew poi!’ 
temperature. The curves sho’, 
for example, that the subway tet 
perature was constantly below th 
dew point temperature from Maj 
6 until August 26, 1941. 

When the temperature reading 
were commenced, the tunnels we 
being mined and constructed unde 
an air pressure of from 10 to » 











psi gage. The high subway tem- 
Jperatures, between 72 F and 68F, 
found during the period from Feb- 
ruary 20 to May 21, 1940 were due 
"to the heat resulting from the hy- 
dration of the setting concrete. 
About May 21, 1940, the connecting 
lof the vent shafts to the tunnels 
was started and the subway tem- 
perature ranged between 66 and 61 
"F during the summer of 1940. By 
spetemer of that year all of the 
‘vent shafts had been connected and 
"the subway temperature began to 
Svary with the variation in the out- 
side temperatures. 
: In 1941, at no time was the sub- 
way temperature more than 8 deg 
Mbelow the dew point temperature 
Sand also for most of the critical 
period the temperature was less 
"than 4 deg below the dew point. 
"This indicated that it would take 
2 comparatively small rise in sub- 
: way temperatures to eliminate con- 
Sdensation troubles entirely. This 
has been verified by our experience 
with the operation of fans during 
Mthe month of June of this year, 
"when we succeeded in raising the 
emperature of the subway a mini- 
mum of 6 to 7 deg, practically 
Solving the condensation problem. 
| About June 15, 1943, 12 record- 
Ning thermometers were installed at 
strategic points in the Clybourn- 
Wivision-State street subway for 
@the guidance of the operator of the 
‘fan and louver system. Plottings 
from the charts of the instrument 
mat the Chicago avenue mezzanine 
tation have shown that we have 
uceeeded in raising the tempera- 
mure of this mezzanine station up 
nto the 70’s. This is typical for 
mall of the mezzanine stations which 
bre running from 6 to 10 deg 
warmer than the tunnels which is 
0 be expected inasmuch as the fan 
ystem is so arranged as to draw 
he warm outside air in through 
— #the stations and thence down into 
he tunnels. 
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wal Piston Action Ventilation 


Tn ventilating a subway, the en- 
ineer has certain very powerful 









7 orces that will work in his favor 
a f properly harnessed. The Chi- 
~ fee*g0 subways are single track 
e ubes and the cross-sectional area 


bf the trains is about % that of 
hetubes. Thus, moving trains will 
Xert a positive piston action, push- 
ng large volumes of air ahead of 


ha 


them and drawing large volumes 
of air in their wake. In partially 
closed tunnels these columns of air 
are several miles in length. 

In order to get the maximum 
good from this more or less “free” 
ventilation, it is necessary to pro- 
vide vent shafts from the tunnels 
to the surface at frequent intervals 
so that subway air may be forced 
out and fresh air drawn in. Now 
vent shafts are expensive struc- 
tures as are all underground struc- 
tures, so a careful study and in- 
vestigation was made to determine 
the proper spacing to give the re- 
quired results at a reasonable cost. 
This spacing of the vent shafts for 
the Chicago subways was found to 
be about 450 ft, using tunnel open- 
ings to the vent shafts whose area 
approximates 100 sq ft each. It 
is estimated that over two million 
cfm of air will be drawn into and 
discharged from the subway by 
piston action when traffic reaches 
its ultimate volume. 


Vent Shafts 

There are 69 vent shafts in the 
Clybourn-Division-State street sub- 
way, whose total length is about 5 
miles. The vent shaft structure 
consists of a group of concrete 
tubes connecting the openings in 
the tunnel walls with a steel grat- 
ing area at the sidewalk level. The 
circular tube construction was used 
because tubes can be built much 
more cheaply than _ rectangular 


structures at the depths encoun- 
tered. Care was taken to provide 
sufficient grating area at the side- 
walk level so that the passing of 
trains would not cause objection- 
able velocities of air under pedes- 
trians who might be passing over 
them at the time of train passage. 
Care was also taken to so propor- 
tion the grating area that the en- 
tire width of a sidewalk would not 
be used, thus making it possible 
for pedestrians to avoid walking 
over the grating, if they so desire. 
Blast Relieving Shafts 

The passenger stations outside of 
the downtown area are equipped 
with vent shafts which have an ad- 
ditional purpose to that of provid- 
ing ventilation—namely, the re- 
lieving of the blast action produced 
at the loading platforms by arriv- 
ing and departing trains. The 
openings to these shafts are in the 
tunnels a short distance ahead of 
the point where the train enters 
the station and a short distance 
beyond the point where the train 
leaves the station. The openings 
ahead of the station total about 200 
sq ft in area while those beyond the 
station total about 100 sq ft in area. 
The increased opening area at the 
entrance is required because the 
train enters the station at a higher 
speed than it leaves. Past experi- 
ence has shown that without such 
blast relieving shafts the velocities 
of the air blasts on the loading 


Vent shaft openings with louvers 
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platiorms would be excessive ana 
cause annoyance to patrons waiting 
to board trains. 

These blast relieving vent shafts 
are not equipped with louvers inas- 
much as they must always be open 
to perform their blast relieving 
function. 


Emergency Ventilation 


While piston action is extremely 
effective in moving air in and out 
of the subway when trains are 
moving, this action is, of course, 
absent when trains are stalled in 
the tubes as might happen in the 
“ase of fire or other accidents. It 
was therefore considered necessary 
to install mechanically operated 
fans to serve at such times, at least 
one such fan being situated midway 
between each pair of passenger 
stations. The vent shafts interven- 
ing between the fans and stations 
are equipped with automatic lou- 
vers or shutters which are so inter- 
locked with the fan that when the 
fan is in operation the louvers are 
shut. Thus, the air is drawn in 
through the stations and sweeps 
the entire length of tube served by 
the fan. 


Downtown Station Ventilation 


Also, in the downtown area, it 
was necessary to supplement the 
“piston action” ventilation with 
mechanical ventilation by fans, in- 
asmuch as the north and south 
bound tubes open onto a common 
loading platform giving a ratio of 
subway cross-sectional area to 
train cross-sectional area much 
greater than in the portions of the 
subway where the track is confined 
to a single tube. This fact, to- 
gether with the fact that trains 
will make shorter runs at lower 
speeds in this area, reduces very 
materially the effectiveness of pis- 
ton action. 

The downtown station fans are 
5 ft in diameter and are of the 
two speed reversible type with a 
capacity of 23,000 cfm each. In 
general, each downtown station, of 
which there are seven, has been 
equipped with two of these units 
Under normal operation, these fans 
will draw air from the _ tubes 
through openings in the side walls 
of the station platform and dis- 
charge the air at street level. This 
results in fresh air being drawn 
in through the stair openings at 
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Typical downtown mezzanine station 


the sidewalk level to the mezzanine 
station, through the mezzanine 
station, and down the stair and 
escalator wells to the tunnels. In 
reverse operation the fans will 
force fresh air through the open- 
ings in the side wall of the station 
platform into the tunnels, up 
through the stair and escalator 
wells to the mezzanine through the 
mezzanine station, and out to the 
surface through the’ entrance 
stairs. The fans will be operated 
in reverse only during cold winter 
weather when it will be desirable 
to circulate warm tunnel air 
through the mezzanine stations and 
stairways. 


Deep Tunnel Ventilation 


At the river crossing, the sub- 
way is at its lowest depth; the 
depth is such that it would be un- 
economical to sink vent shafts from 
the surface to take full advantage 
of piston action. One fan with a 
capacity of 65,000 cfm has been in- 
stalled in each of the two tubes at 
this point to provide the necessary 
ventilation. 

The diameters of the tunnel fans, 
including both the emergency and 
deep tunnel fans, range between 6 
ft and 8 ft with capacities rang- 
ing between 50,000 and 85,000 cfm 
each. These fans are of the two 
speed type but are not reversible 
and will exhaust air from the sub- 
way, using the tunnel itself as an 
air duct. 

These fans are mounted in the 
tunnel walls and require very little 
in the way of fan chambers. In 
fact these fans have been installed 
in vent shafts so that practically 
no structure cost is chargeable to 


the fans. This was an importan 


consideration in the selection of t} 


axial flow type of fan in preference 


to the housed centrifugal typ 
which would require separat: 
chambers. 


Remote Control 


The fans and louvers will be re- 
mote controlled by the power suv- 


pervisor through the supervisor 
control system. The subway 
equipped with emergency alar: 
and telephone systems also tern 
nating in the power superviso: 
office. Thus, in case of fir 
stalling of trains, word can 


transmitted immediately to th 


power supervisor so that he ma 


select and operate the proper fans 


for smoke removal or ventilat 
in the section of subway aff: 
By observation of the char 
from the recording thermometers 
the power supervisor can det 
mine which fans should be operat: 
to keep temperatures in vari 


sections of the subway at comior 
able levels. It is anticipated tha’ 


he will operate the fans at nig 
for cooling during the hot port 
of the summer and that during | 


cold weather in winter he will re 


y 


frain from operating the tunne 
fans, or at most operate them 
slow speed, and keep a portion ©! 
all of the vent shaft louvers clos 
so as to prevent undue chilling 
the subway. 

The entire system is extreme: 
flexible and is so arranged as ' 
make it possible for one individu 
to control the temperatures ®! 
quality of air (within limits, © 
course) throughout the entire su’ 
way without leaving his office 2% 
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Table 1—Complete list of fans, State street subway 


Static 
Pressure, 








Diameter, Capacity, In. of Installed 
Fan No. ° Ft Cfim Water Hp 
— 6’-0" 50,000 0.625 15 
Lat 6’-0" 55,000 0.625 15 
EF-: 6-0” 50,000 0.625 15 
EF-4 6’-0" 50,000 0.625 15 
EF-5 8°.” 85,000 0.625 25 
EF-6 8’-0”" 85,000 0.625 25 
EF-7 7’-0 65,000 0.625 an 
EF-8 7’-0” 65,000 0.625 20 
EF-9 7’-0 65,000 0.625 20 
EF-10 7°.0” 65,000 0.625 20 
EF-11 6’-0” 55,000 0.625 1h 
DTF-1 7°-0” 65,000 0.625 maT) 
DTF-2 7’ .0” 65,000 0.625 20 
oe i3 incl. 5’-0” 23,000 0.625 7% 
EF = emergency fans; DTF deep tunnel fans; SF = station fans 


with the minimum expenditure of 
power. 
Twenty-six Fans 

The equipment for the mechan- 
ical ventilation of the Clybourn- 
Division-State street route consists 
of a total of 26 fans, of which 11 
are for emergency ventilation of 
tunnels, two for ventilation of the 


tunnels at the river crossing, and 


13 for the ventilation of the down- 
town stations. It also includes 44 
sets of electrically operated louvers 
and 12 recording thermometers. 
All of the fans are of the axial 
flow, non-overloading type, and are 
of very sturdy construction. Blades 
of aluminum or bronze were unob- 
tainable because of the limitations 
on the use of critical materials dur- 
ing war time, so heavy gage steel 
blades specially treated for corro- 
sion resistance were used. Each 
rotor is equipped with 14 blades 
and rotates within a heavy steel 


Sring with an entrance cone. The 


fans are V belt driven by splash- 
proof electric motors, operating on 
208 volt, 3 phase, 60 cycle current, 
and the shafts rotate in roller 
bearings. Special attention was 
given to the question of quietness 
of fan operation and to this end 


tip speeds were limited as follows: 
mergency fans .. 14,000 fpm 


jeep tunnel fans wis 3,000 fpm 
Station fans ..... ; aw ... 9,700 fpm 

The fan rings and entrance cones 
are embedded in concrete walls not 
less than 1 ft in thickness, giving 
a very solid support for the fan 
and eliminating the chance of noise 
resulting from vibration. 

The station fans as installed are 
quiet in operation as would be ex- 
pected with the comparatively low 
tip speed permitted for these par- 
ticular units. The deep tunnel and 
emergency fans at high speed pro- 
duce a considerable roar in the tun- 
nels which will, however, be unno- 


ticed when trains are moving in the 
subway. No objectionable noise 
even at high speed is apparent at 
the surface where these fans dis- 
charge. 

Table 1 gives a complete list of 
the fans installed in the Clybourn- 
Division-State street subway to- 
gether with sizes, capacities, static 


ver 


pressures, and installed horsepow- 
ers. 

In most cases, four electrically 
operated louvers are required for 
each vent shaft and these are con- 
nected to each other by rods and 
cranks so that they may be oper- 
ated by one operating mechanism. 
These mechanisms consist of a 
fractional horsepower motor direct 
connected to a gear reducer housed 
in a heavy cast iron case. The 
louvers themselves are equipped 
with flexible edges to prevent stall- 
ing by ice or debris in the openings. 
The louvers and frames are heavily 
constructed of steel, hot dipped 
galvanized after fabrication. 

The ventilation equipment was 
installed by Geo. E. Mathis and 
Son, ventilation contractors. This 
company also fabricated the louvers 
and frames and other metal work 
in connection with the job. 


LIME CLOGGING, SLIME ARE 
AIR CONDITIONING PROBLEMS 


My OWN experience with lime 
clogging problems has been chiefly 
with the relatively hard water in the 
limestone districts of Pennsylvania. 
In those areas the analysis indicates 
a general average of 7 grains total 
hardness per gallon, including cal- 
cium hardness of 70 to 80 parts per 
million, and magnesium hardness of 
35 to 40 parts per million. 

When waters of this type were 
passed through nozzles in our proc- 
essing rooms at any temperature 
above 100 F a definite incrustation was 
made evident. immediately. The accu- 
mulation would progress to the point 
of requiring physical removal of the 
deposit after each 30 days’ operation. 
The difficulty was most severe when we 
were using a type of humidifier where 
the water was thrown by centrifugal 
force against a number of closely 
spaced atomizing teeth arranged 
around the periphery of a disc and 
over which the heated air was cir- 
culated. The maintenance program 
was to remove the clogged apparatus 
from the atmosphere and place it in 
an earthenware crock where the in- 
crustation could be removed by a 
bath of dilute muriatic acid. Immer- 
sion for a period of 24 hr would 
loosen the scale so that it could be 
removed with a stream of water. 

The obvious inconvenience of such 
a procedure caused us to try a num- 
ber of expedients. No definitely de- 
sirable result was obtained from any 
of them until we installed zeolite 
water softening equipment. The con- 
trols on the softeners are so adjusted 
as to regenerate frequently enough to 
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insure that the treated water will not 
exceed 2 grains hardness per gallon. 

Slime accumulations in air condi- 
tioning systems are, of course, a con- 
stant problem. Those of our air 
washers which handle large amounts 
of air from tobacco processing rooms 
are subject to large deposits of this 
material and considerable difficulty is 
experienced with plugging of spray 
nozzles and piping. The obvious re- 
sult is the delivery of much dry or 
otherwise untreated air. 


To eliminate interruptions and 
unsatisfactory operation, we now use 
a chemical product developed for the 
purpose. This material is added 
daily and the washers now function 
for an entire week without stoppage. 
At the end of each week the entire 
system must be thoroughly cleaned. 


Some caution is necessary in using 
any of these cutting compounds in 
that too large a concentration will 
tend to destroy the protective paint 
on the interior of the washer. Fur- 
thermore, it is wise to select some 
compound which is made up with a 
rust inhibitor to prevent accelerated 
corrosion which sometimes occurs 
with these water treatments. During 
the period when we were testing the 
products designed to prevent the 
rapid fouling due to slime, we made 
a number of tests with plates of un- 
protected and painted steel suspended 
in solution of several concentrations 
for accelerated tests —Rusun D. Tovu- 
TON, technical director, Bayuk Cigars, 
Inc. Member of HPAC’s board of 
consulting & contributing editors. 
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platiorms would be excessive ana 
cause annoyance to patrons waiting 
to board trains. 

These blast relieving vent shafts 
are not equipped with louvers inas- 
much as they must always be open 
to perform their blast relieving 
function. 


Emergency Ventilation 


While piston action is extremely 
effective in moving air in and out 
of the subway when trains are 
moving, this action is, of course, 
absent when trains are stalled in 
the tubes as might happen in the 
“ase of fire or other accidents. It 
was therefore considered necessary 
to install mechanically operated 
fans to serve at such times, at least 
one such fan being situated midway 
between each pair of passenger 
stations. The vent shafts interven- 
ing between the fans and stations 
are equipped with automatic lou- 
vers or shutters which are so inter- 
locked with the fan that when the 
fan is in operation the louvers are 
shut. Thus, the air is drawn in 
through the stations and sweeps 
the entire length of tube served by 
the fan. 


Downtown Station Ventilation 


Also, in the downtown area, it 
was necessary to supplement the 
“piston action” ventilation with 
mechanical ventilation by fans, in- 
asmuch as the north and south 
bound tubes open onto a common 
loading platform giving a ratio of 
subway cross-sectional area to 
train cross-sectional area much 
greater than in the portions of the 
subway where the track is confined 
to a single tube. This fact, to- 
gether with the fact that trains 
will make shorter runs at lower 
speeds in this area, reduces very 
materially the effectiveness of pis- 
ton action. 

The downtown station fans are 
5 ft in diameter and are of the 
two speed reversible type with a 
capacity of 23,000 cfm each. In 
general, each downtown station, of 
which there are seven, has been 
equipped with two of these units 
Under normal operation, these fans 
will draw air from the _ tubes 
through openings in the side walls 
of the station platform and dis- 
charge the air at street level. This 
results in fresh air being drawn 
in through the stair openings at 
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Typical downtown mezzanine station 


the sidewalk level to the mezzanine 
station, through the mezzanine 
station, and down the stair and 
escalator wells to the tunnels. In 
reverse operation the fans will 
force fresh air through the open- 
ings in the side wall of the station 
platform into the tunnels, up 
through the stair and escalator 
wells to the mezzanine through the 
mezzanine station, and out to the 
surface through the entrance 
stairs. The fans will be operated 
in reverse only during cold winter 
weather when it will be desirable 
to circulate warm tunnel air 
through the mezzanine stations and 
stairways. 


Deep Tunnel Ventilation 


At the river crossing, the sub- 
way is at its lowest depth; the 
depth is such that it would be un- 
economical to sink vent shafts from 
the surface to take full advantage 
of piston action. One fan with a 
capacity of 65,000 cfm has been in- 
stalled in each of the two tubes at 
this point to provide the necessary 
ventilation. 

The diameters of the tunnel fans, 
including both the emergency and 
deep tunnel fans, range between 6 
ft and 8 ft with capacities rang- 
ing between 50,000 and 85,000 cfm 
each. These fans are of the two 
speed type but are not reversible 
and will exhaust air from the sub- 
way, using the tunnel itself as an 
air duct. 

These fans are mounted in the 
tunnel walls and require very little 
in the way of fan chambers. In 
fact these fans have been installed 
in vent shafts so that practically 
no structure cost is chargeable to 
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the fans. This was an import 
consideration in the selection of + 
axial flow type of fan in pref: 


to the housed centrifugal ty» 


which would require separat: 
chambers. 


Remote Control 


The fans and louvers will be x 


mote controlled by the power s 


pervisor through the superviso: 


control system. The subway) 


equipped with emergency alar 


and telephone systems also tern 
nating in the power supervis 
office. Thus, in case of fire 
stalling of trains, word car 
transmitted immediately 


power supervisor so that he ma 
select and operate the proper fan: 


for smoke removal or ventilat 


; 


in the section of subway aff 


By observation of the charts 
from the recording thermometers 
the power supervisor can deter 


mine which fans should be operat 
to keep temperatures in var! 
sections of the subway at com! 
able levels. It is anticipated 


‘ 


he will operate the fans at nigh 
for cooling during the hot portic 


of the summer and that during t 


ll re 


cold weather in winter he will ! 


funy 


frain from operating the tun 
fans, or at most operate them « 
slow speed, and keep a portion & 


all of the vent shaft louvers clos 
so as to prevent undue chilling 
the subway. 


The entire system is extreme! 


flexible and is so arranged as ' 


make it possible for one individu 


to control the temperatures 4! 
quality of air (within limits, 


course) throughout the entire su 


way without leaving his office an 
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SF-1 to 
SF-13 incl. 


EF = emergency fans; DTF 
with the minimum expenditure of 
power. 
Twenty-six Fans 

The equipment for the mechan- 
ical ventilation of the Clybourn- 
Division-State street route consists 
of a total of 26 fans, of which 11 
are for emergency ventilation of 
tunnels, two for ventilation of the 
tunnels at the river crossing, and 
13 for the ventilation of the down- 
town stations. It also includes 44 
sets of electrically operated louvers 
and 12 recording thermometers. 

All of the fans are of the axial 
flow, non-overloading type, and are 
of very sturdy construction. Blades 
of aluminum or bronze were unob- 
tainable because of the limitations 
on the use of critical materials dur- 
ing war time, so heavy gage steel 
blades specially treated for corro- 
sion resistance were used. Each 
rotor is equipped with 14 blades 
and rotates within a heavy steel 
ring with an entrance cone. The 
fans are V belt driven by splash- 
proof electric motors, operating on 
208 volt, 3 phase, 60 cycle current, 
and the shafts rotate in roller 
bearings. Special attention was 
given to the question of quietness 
of fan operation and to this end 
tip speeds were limited as follows: 


epee nane,, B.C EEeE 14,000 fpm 
Weep tUNMEl TAMS............. 13,000 fpm 
OCS nw he be dba oe 9,700 fpm 


The fan rings and entrance cones 
are embedded in concrete walls not 
less than 1 ft in thickness, giving 
4 very solid support for the fan 
and eliminating the chance of noise 
resulting from vibration. 

The station fans as installed are 
quiet in operation as would be ex- 
pected with the comparatively low 
tip speed permitted for these par- 
cular units. The deep tunnel and 
emergency fans at high speed pro- 
fuce a considerable roar in the tun- 
nels which will, however, be unno- 


Table 1—Complete list of fans, State street subway 


deep tunnel fans; SF - 





Static 





Pressure, 

Capacity, In. of Installed 
Cfim Water Hp 
50,000 0.625 15 
55,000 0.625 1S 
50,000 0.625 15 
50,000 0.625 15 
85,000 0.625 25 
85,000 0.625 2 
65,000 0.625 20 
65,000 0.625 20 
65,000 0.625 20 
65,000 0.625 20 
55,000 0.625 15 
65,000 0.625 20 


65,000 0.625 20 


23,000 0.625 


station fans 


ticed when trains are moving in the 
subway. No objectionable noise 
even at high speed is apparent at 
the surface where these fans dis- 
charge. 

Table 1 gives a complete list of 
the fans installed in the Clybourn- 
Division-State street subway to- 
gether with sizes, capacities, static 





pressures, and installed horsepow- 
ers. 

In most cases, four electrically 
operated louvers are required for 
each vent shaft and these are con- 
nected to each other by rods and 
cranks so that they may be oper- 
ated by one operating mechanism. 
These mechanisms consist of a 
fractional horsepower motor direct 
connected to a gear reducer housed 
in a heavy cast iron case. The 
louvers themselves are equipped 
with flexible edges to prevent stall- 
ing by ice or debris in the openings. 
The louvers and frames are heavily 
constructed of hot dipped 
galvanized after fabrication. 


steel, 


The ventilation equipment was 
installed by Geo. E. Mathis and 
Son, ventilation contractors. This 


company also fabricated the louvers 
and frames and other metal work 
in connection with the job. 


LIME CLOGGING, SLIME ARE 
AIR CONDITIONING PROBLEMS 


My OWN experience with lime 
clogging problems has been chiefly 
with the relatively hard water in the 
limestone districts of Pennsylvania. 
In those areas the analysis indicates 
a general average of 7 grains total 
hardness per gallon, including cal- 
cium hardness of 70 to 80 parts per 
million, and magnesium hardness of 
35 to 40 parts per million. 

When waters of this type were 
passed through nozzles in our proc- 
essing rooms at any temperature 
above 100 F a definite incrustation was 
made evident immediately. The accu- 
mulation would progress to the point 
of requiring physical removal of the 
deposit after each 30 days’ operation. 
The difficulty was most severe when we 
were using a type of humidifier where 
the water was thrown by centrifugal 
force against a number of closely 
spaced atomizing teeth arranged 
around the periphery of a disc and 
over which the heated air was cir- 
culated. The maintenance program 
was to remove the clogged apparatus 
from the atmosphere and place it in 
an earthenware crock where the in- 
crustation could be removed by a 
bath of dilute muriatic acid. Immer- 
sion for a period of 24 hr would 
loosen the scale so that it could be 
removed with a stream of water. 

The obvious inconvenience of such 
a procedure caused us to try a num- 
ber of expedients. No definitely de- 
sirable result was obtained from any 
of them until we installed zeolite 
water softening equipment. The con- 
trols on the softeners are so adjusted 
as to regenerate frequently enough to 
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insure that the treated water will not 
exceed 2 grains hardness per gallon. 

Slime accumulations in air condi- 
tioning systems are, of course, a con- 
stant problem. Those of our air 
washers which handle large amounts 
of air from tobacco processing rooms 
are subject to large deposits of this 
material and considerable difficulty is 
experienced with plugging of spray 
nozzles and piping. The obvious re- 
sult is the delivery of much dry or 
otherwise untreated air. 


To eliminate interruptions and 
unsatisfactory operation, we now use 
a chemical product developed for the 
purpose. This material is added 
daily and the washers now function 
for an entire week without stoppage. 
At the end of each week the entire 
system must be thoroughly cleaned. 


Some caution is necessary in using 
any of these cutting compounds in 
that too large a concentration will 
tend to destroy the protective paint 
on the interior of the washer. Fur- 
thermore, it is wise to select some 
compound which is made up with a 
rust inhibitor to prevent accelerated 
corrosion which sometimes occurs 
with these water treatments. During 
the period when we were testing the 
products designed to prevent the 
rapid fouling due to slime, we made 
a number of tests with plates of un- 
protected and painted steel suspended 
in solution of several concentrations 
for accelerated tests —Rusun D. Tovu- 
TON, technical director, Bayuk Cigars, 
Inc. Member of HPAC’s board of 
consulting & contributing editors. 
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Importance of Air Conditioning 





to War Effort: 





VITAL TO PRODUCTION 


_ PROGRAM for removal and 
conversion to war work of existing 
refrigerating machines now in- 
stalled for comfort air conditioning 
service has been in effect for some 
time. In the summer of 1942 a 
number of air conditioning equip- 
ment owners, headed by Lessing J. 
Rosenwald of the conservation divi- 
sion of the War Production Board, 
arranged a meeting and offered 
their equipment to the war effort; 
in November, 1942, the WPB used 
equipment branch made it quite 
specific that wherever practicable, 
consideration be given to the use of 
existing equipment. 

This program was prompted at 
the time by the vital necessity for 
refrigeration in the manufacture of 
synthetic rubber; a large tonnage 
of refrigeration was needed in a 
short period of time to meet the 
requirements of this program and 
the facilities for manufacture could 
not possibly have built the equip- 
ment in the time allowed. The 
sizes of machines for the require- 
ments of synthetic rubber manu- 
facture as well as the processing 
of the product have been greater 
than 100 tons in most every case. 
At that time the WPB arranged 
with the owners and operators of 
large air conditioning plants for 
the release of various components 
of their plants for use in the war 
program and before any specifica- 
tions were prepared or purchases 
made for new refrigeration, the 
WPB used equipment branch had 
to be consulted. 

The Office of Price Administra- 
tion, in maximum price regulation 
No. 136 as amended, provided that 
the maximum price applicable to 
the sale at the direction of the War 
Production Board of any industrial 
or commercial air conditioning or 
refrigerating equipment to the 
manufacturer of such equipment by 
a person using such equipment and 
not engaged in the business of sell- 
img such equipment, shall be the 
installed cost of such equipment to 
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such user, less depreciation at the 
rate of 5 per cent per year; and 
that the maximum price applicable 
to the resale of any such equipment 
by the manufacturer on a recondi- 
tioned and guaranteed basis to a 





Dramatic Evidence 


A number of department stores 
and other buildings have released 
part of their comfort air condi- 
tioning equipment for use in war 
production — particularly in con- 
nection with the synthetic rub- 
ber program. The removal of a 
large refrigeration machine from 
a building where it is wanted— 
and is needed in normal times— 
for vital wartime production is a 
very practical—almost dramatic— 
evidence of the importance of air 
conditioning and refrigeration in 
industry and commerce. 

Those owners who have released 
part of their equipment for war 
use are to be commended for their 
patriotic action, as are the manu- 
facturers who have cooperated 





with the government’s pxogram. 








new user designated by the War 
Production Board shall be the total 
cost of the equipment to the manu- 
facturer, including the cost of in- 
spection, dismantling, and shipment 
to the manufacturer’s plant, esti- 
mated if necessary; plus the cost 
of reconditioning the equipment, of 
shipment to the purchaser, and of 
installation, estimated if necessary; 
plus the amount of any other out- 
of-pocket expenses incurred in con- 
nection with such sale, estimated 
if necessary; plus a_ reasonable 
charge for engineering and a rea- 
sonable profit, not upon the cost 
to the manufacturer but in the 
light of the manufacturer’s risk 
and responsibility; provided, that 
the amount of such profit together 
with a description of the transac- 
tion, has been submitted to the 
Office of Price Administration, 
Washington, D. C., for its review 
and that the Office of Price Admin- 
istration has approved or failed to 
disapprove the amount of such 
profit within 30 days after receipt 
of the information. (Am. 55) 


The owner’s net cost of the equip. 
ment was broken down into a sched. 
ule of items: 

Cost to owner of machine less drive 


and speed control. 
Cost to owner of drive and spec 


control. 
Cost to owner of freight, cartage 
and rigging. 
Cost to owner of labor of installs. 
tion. 


Cost to owner of such accessori¢ 
as pressure gages, safety controls, 
water regulating valves, etc. 

Cost to owner of such wiring, pip. 
ing, etc., that would be destroyed or 
could not be repaired or restored. 

Cost to owner of cutting, patching 
decorating, etc. that was directly 
chargeable as a part of the origina! 
cost to the owner of installing th 
items being moved. 

The total of the items less 5 per 
cent per annum for depreciation 
represents the sum to be paid the 
owner for the above. 

The synthetic rubber program re- 
quired the immediate installation 
of refrigerating systems for chill- 
ing water used in the process o/ 
making the crude synthetic from 
the basic elements. Since tempera- 
tures of 40 to 60 F are required, 
this fits practically with the per 
formance of the machines used for 
comfort cooling and quite a number 
of machines were removed and re 
installed for this purpose. The 
crude basic synthetics, like natural 
rubber, require rolling or com 
pounding and it was well know 
that the heat generated in the op 
eration is sufficient to burn up the 
synthetic unless an ample quantity 
of refrigerated water is supplied 
For processing natural rubber it is 
seldom necessary to use water lowe! 
in temperature than can be SUP 
plied by cooling towers, rivers, 
other natural water sources. There- 
fore, refrigerating machines have 
been allocated by WPB for proces 
ing the crude synthetic rubber 
Other conversions of comfort 00 
ing equipment have been made fo! 
industrial processes in general, suc? 
as airplane engine assembly plants 
special calibrating and testing. 
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W aus IT is not possible to estab- 
lish hard and fast rules for the 
design of steam transmission lines— 
because each line must be tailored 
to fit the particular service conditions 
—there are a number of problems 
common to all such lines. These prob- 
lems involve determination of pipe 
size and wall thickness, selection of 
insulation, calculation of line losses, 
provision for thermal expansion, and 
the like. The author has had occa- 
sion to consider these problems in the 
design of a number of steam trans- 
mission lines for proposed steam sales 
projects and for several long heating 
and process steam lines. 

‘The purpose of this article is to 
discuss the factors entering into the 
solution of these inter-related prob- 
lems and to present tables which 
facilitate the design of steam trans- 
mission lines. In order to demonstrate 
the use of these tables two lines—a 
normal pressure loss, and a high 
Pressure loss steam transmission line 
~—are assumed and the conditions re- 


Sponsible for the use of each are 
described. 


Typical steam transmission line under construction 


The Design of 
STEAM TRANSMISSION PIPING 


Arthur McCutchan Explains Factors to Consider 
in Choosing Between Large or Small Pipe Size 


Normal Pressure Loss Line 


It is assumed that saturated steam 
at a pressure of 100 psi gage is re- 
quired for process heating. The 
maximum estimated steam demand is 
200,000 lb per hr with an average 
load of 100,000 lb per hr. The per- 
missible pressure at the delivery end 
of the line under zero flow conditions 
is given as 120 psi gage because of 
pressure limitations on the process 
equipment. Superheated steam at 300 
psi gage and 700 F is assumed to be 
available in a central station power 
plant situated about one-quarter of a 
mile from the point of usage. It is 
proposed to supply saturated steam 
to this line at 120 psi gage pressure 
by means of a pressure-temperature 
reducer to be installed in the central 
station. 

In order to simplify presentation, 
questions of returning condensate and 
possible generation of power are not 
considered in this article. Of course, 
the use of return condensate, if avail- 
able in satisfactory condition, would 
be carefully considered, as would the 
economic possibilities of substituting 
a back pressure turbine for the re- 
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ducing valve, but the source of the 
120 psi saturated steam is only inci- 
dental to the design of the transmis- 
sion line. 

As far as the line is concerned, the 
important factors from the conditions 
described in the foregoing are that 
the pressure is to be controlled from 
the inlet end of the line, that under 
maximum steam flow of 200,000 Ib 
per hr the pressure drop in the line 
should not exceed 20 psi, and that 
under the no-flow condition the pres- 
sure at the discharge end should not 
exceed 120 psi gage. 


High Pressure Loss Line 


Again it is assumed that saturated 
steam at 100 psi gage is required for 
process heating. The maximum esti- 
mated steam demand is 200,000 lb per 
hr as before, with an average steam 
requirement of 100,000 lb per hr. 

In order to reduce heat loss in the 
transmission line and expansion diffi- 
culties, a desuperheater is assumed 
to be installed at the central station 
power plant. Allowing a pressure 
drop of 10 psi through this desuper- 
heater, the condition of the saturated 
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steam leaving the central station 
would be 290 psi gage, 420 F. The 
difference between this pressure and 
the 100 psi gage required at the dis- 
charge end of the line is available to 
force steam through the transmission 
line. Since the average steam flow is 
100,000 lb per hr, while the line must 
be designed for a maximum flow of 
200,000 Ib per hr, a pressure reducing 
valve at the discharge end of the line 
must be provided. 

The reduction in pressure taking 
place in the transmission line and in 
the reducing valve tends to superheat 
the steam, but the energy required 
to produce the higher velocity at the 
downstream end of the line and the 
heat loss in the line both offset this 
tendency. The final heat content of 
the steam will be checked in connec- 
tion with the calculation of heat loss 
of the line, but for preliminary pur- 
poses it can be considered as at sat- 
uration temperature. 


Determination of Pipe Size 


The permissible pressure drop for 
a maximum steam flow of 200,000 Ib 
per hr, from the conditions given for 
the normal pressure loss line, is 
20 psi. The straight line distance is 
1400 ft, hence the drop per 100 ft 
for a line using slip joints to provide 
for expansion would be 20/14, or 1.42 
psi. 

Using the average pressure in the 
line of 110 psi gage and a steam flow 
of 200,000 Ib per hr the nearest 
available pipe size is found from 
Fritzsche’s chart [see Piping Hand- 
book, by Walker and Crocker] as 16 
in. For schedule 30, 0.375 in. wall, 
16 in. pipe—which is suitable for the 
pressure-temperature condition — the 
drop per 100 ft is found as 0.7 psi or 
about one-half the permissible drop. 
The drop for a 14 in. pipe would be 
slightly greater than the assumed 
drop and would leave no margin for 
extra line length and _ equivalent 
length of bends, loops, etc., used to 
secure flexibility. However, if slip 
joints are to be used consideration 
should be given to changing the initial 
or final steam conditions sufficiently 
to use the 14 in. size rather than the 
16 in. which would be satisfactory 
for all the various types of line con- 
struction considered herein. 

The straight line distance between 
the central station power plant and 
the point of usage was assumed to be 
1400 ft. The permissible drop per 100 
ft for the high pressure loss line 
using this straight line distance can 
be determined directly. Allowing a 
10 psi margin for drop through the 
reducing valve at the outlet end, the 
available pressure drop to force steam 
through the transmission line is 290 
—110, or 180 psi. The drop per 100 
ft would be 180/14, or 12.85 psi. 

Referring to a Fritzsche pressure 
drop chart, a preliminary estimate of 
the pipe size may be obtained based 
on the average pressure in the line 
of (290 + 110)/2, or 200 psi and the 
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maximum steam flow of 200,000 Ib 
per hr. 

The nearest available pipe size is 
found as 8 in. For schedule 40 pipe, 
which would be suitable for the 
pressure-temperature condition, the 
pressure drop per 100 ft would be 
10 psi. Since the total pressure drop 
for the 1400 ft is 140 psi, it is ap- 





Large or Small? 


The solution of an engineering 
problem usually lies in the choice 
of the proper method from several 
possibilities. In the design of 
steam transmission piping, a fun- 
damental question is that of a 
small diameter line with com- 
paratively high pressure drop as 
against a larger diameter line with 
a smaller drop. That's the subject 
so ably covered here by Mr. 
McCutchan, engineer, engineering 
div., The Detroit Edison Co. 

Problems involved in the design 
of steam transmission lines are 
discussed in this article with ref- 
erence to a_ so-called “normal 
pressure loss” and a “high pres- 
sure loss” line. Each line is de- 
signed to accomplish the same 
purpose; that is, to supply the 
same quantity of steam at approxi- 
mately the same final condition. 

Which type of line is finally se- 
lected for a given installation will 
depend upon a number of factors 
—particularly cost—which are not 
considered in this article, but the 
apparent advantages of the smaller 
high pressure loss line should be 
given careful consideration. The 
advantages as developed here are 
less tonnage of pipe, elimination 
of condensate loss during normal 
operation, reduction in heat loss 
of line, and reduction in forces on 
anchors. The number of expansion 
loops or bends required to absorb 
thermal expansion of the smaller, 
slightly higher temperature line is 
the only apparent disadvantage 
over the larger normal pressure 
loss line. Even this disadvantage 
is offset by the reduction in cost 
and in the overall heights of bends 
required. 

The discussion of the method of 
providing for thermal expansion 
of these two types of transmission 
lines given in the second install- 
ment of this article to be pub- 
lished next month, will be carried 
through in detail in order to illus- 
trate the use of the expansion 
bend tables. These tables (to be . 
presented next month) are believed 
to fill a need for a means of 
selecting conventional expansion 
bends with a minimum of com- 
putation. 





parent that an 8 in. pipe installed 
above the ground using directional 
changes, expansion bends, or offsets 
also might prove adequate if the total 
equivalent length does not exceed 
about 1800 ft. The amount of extra 
pipe required to provide for thermal 
elongation of the line is considered 
in a later section of this article. 
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Check for Critical Velocity 
Limitation of Flow 


Since the pressure desired at th 
discharge end of the high pres: ur, 
loss line is considerably less thar 5; 
per cent of the initial pressure, 
possibility of the acoustic velo 
limiting the maximum capacity ot 
transmission line should be taken 
account. The critical velocity ma 
computed from the expression: 


Ve = 60 VgnPV 

in which v. = critical velocit 
outlet end, fpm; » = adiabatic 
stant = 1.13 for saturated st 
P = absolute pressure at outlet 
Ib per sq ft; and V = specific v: 
at outlet end, cu ft per lb. 

While it is not difficult to deter 
the critical velocity from this 
mula, the corresponding critical 
sure can be found from Table 1 | 
simply forming the ratio 

w (lb per hr of steam) 





a (cross sectional area of pipe, sq ir 





If the critical pressure found 
Table 1 is below the discharge pres. 
sure of the line, there is no dange 
of a limiting velocity being obtain 
In the case of this particular trans 
mission line, w/a = 200,000/50 = 400) 
The corresponding critical pressur 
of 29 psi gage is well below the 10 
psi gage discharge pressure of t! 
line, thus indicating that the critica! 
velocity will not be attained. 


Determination of Pipe Wall Thickness 


In connection with the determina 
tion of pipe sizes for the normal pres- 
sure loss line and the high pressur 
loss line, statements were made that 
schedule 30, 0.375 in. wall, pipe was 
suitable for the 16 in., 120 psi lin 
while schedule 40, 0.322 in. wall, pipé 
was selected for the 8 in., 290 psi lin 

The Code for Pressure Piping : 
quires that outdoor steam distribv- 
tion piping on the premises of a! 
industrial establishment shall cor 
form to the requirements of section 4 
of the code on district heating piping 
systems, provided the pressure « 
not exceed 600 psi or the temperatu! 
exceed 750 F. For higher pressure: 
and temperatures such piping is r 
quired to conform to section | 
power piping systems. Steam dist! 
bution piping within the buildings 
industrial establishments also is re 
quired to conform to the power pip 
ing section. 


Wall thicknesses are determinec 
from the formula.* 





PD 
tx = + Cc 
2S 
in which tm minimum wall thick: 
ness, in. = 87% per cent of nomina! 


wall thickness; P = maximum inter 
nal pressure, psi; D = outside diam 
eter of pipe, in.; S = allowable stress 


*How to Design Steam Piping ! 
imum Capacity and High Pressu! 
by Max W. Benjamin, Heating, ! ng ° 
Air Conditioning, September, j 
475-477. 
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Table 1—Pressure corresponding to critical velocity (Saturated Steam) 





w 
a 


1,000 
2,000 
3,000 
4,000 
5,000 


Values for Table 


1 have been taken from design chart No. 12 
z , 


and data book No. 111, p. 219 


Vacuum 


Psi a 
Psi Gage 


15 
4 
seeee 1a 
29 
40 


Tube-Turn catalog 


Table 2—Allowable S values of pipe in power and district heating systems 


Minimum ultimate 
tensile strength 
bent. 
250 F 
350 F 
100 F 
450 F 


AS 


Grade A 
Seamless 


48.000 
12,000 
11,520 
11,040 
10, S00 
10,560 


TM A353, 


Grade B 
Seamless 


A106 | ASTM A135* 
Grade A Grade B 
Resistance Resistance 
weided welded 
60,000 18,000 60,000 
15,000 10,200 12,750 
14.400 4 800 12,250 
13.800 9.400 11.700 
13,400 9.150 11,500 
13,200 8,950 11,200 


*Where electric resistance welded pipe is subjected to supplementary tests to demon 


strate that the weld 


at operating temperatures, psi 


is equal 


to the 


(see 


Table 2 of this article for values ap- 
plicable to usual steam transmission 


piping); and C = 


allowance 


for cor- 


rosion, ete., = 0.065 in. for power and 
district heating piping. 


Heat Loss of Line and Final 


Condition 


of Steam 


The amount of line heat loss and 
quantity of condensation, if any, will 


Steam temp., F.. 


Average air temp., F. 


Temp. difference 


Btu per hr per sq ft of pipe pe r F* 


Btu per hr per sq ft 
Sq ft of surface per 


of pipe 
linear ft. 


Btu per hr per linear ft....... 


Btu per hr for 1400 


Including allowance of 


, “Heat Transfer through 
by L. B. MeMillan, Transactions, American 


26, p. 1277. 


ft line 
25% 


Insul 


ation in 


The heat drop required to acceler- 
ate steam from an initial velocity 
corresponding to 290 psi gage, 420 F 
to a final velocity corresponding to 
100 psi gage and approximately 338 F 


may be 
haci . 
basic relation: 


Btu per Ib X 778 = 


found from 


the 


following 


v,—v;" 


9 





in which 778 = mechanical equivalent 


of heat, ft lb per B 
at outlet end of line, fps; v, 


tu; Vv: = 


velocity 
ve- 


locity at inlet end of line, fps; g = 
acceleration due to gravity = 


per sec, 


lin 


32.2 fps 


For the 16 in. normal pressure loss 
¢, the heat drop required to accel- 


wer steam from initial to final ve- 
—— under a flow of 200,000 lb per 
F amounts to only 0.15 Btu per Ib 


> ' minimum 
material, the S values given for seamless pipe may be 


tensile strength specified for the 


used 


pipe 


vary with the steam velocities, thick- 
ness of insulation, weather condi- 
tions, and whether the lines are in- 
stalled in a conduit or tunnel, or 
above ground. 


Assuming that the lines are in- 
stalled above ground and insulated 
with 2 in. of 85 per cent magnesia 


insulation, or equivalent, and wrapped 
with tar paper or otherwise weather- 
proofed, the heat loss may be esti- 
mated as follows: 


16 In sin 
Line Line 
350. =i. 120 
45 . Meawe ‘ 15 
ree 75 
ii~eesteues ; 0.25 
a “ ee , 93.7 
sheonee 4.20... ai ‘ 2.26 
aces a 212 
eeeree 450,000 eeeese e° 297,000 
a 560,000 ine abdie ergsidte Livia $72,000 
5.60... 3.72 
if ae 1.86 
Moderate and High Temperature Fields, 


Society of Mechanical Engineers, Vol. 4%, 


and hence is negligible. The differ- 
ence in velocities for the high pres- 
sure loss line is significant, as shown 
by the following calculation of heat 
drop required to accelerate steam in 
the 8 in. line: 

200,000 X 3.88 X 144 








VW. = - 
3,600 X 50 
= 620 fps 
200,000 X 1.50 X 144 
Vui= — — 
3,600 X 50 
= 238 fps 
(620)* — (238)? 
Btu per lb = 





64.4 X 778 
= 6.5 
Heat content of the 290 psi gage, 
420 F steam at beginning of line 
1203.0 Btu per lb. Heat loss in 8 in. 
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line for 200,000 lb flow 1.86 Btu 


per lb. *Heat drop to accelerate 
steam = 6.50 Btu per lb. Total drop 
in line 8.36 Btu per lb. Therefore, 


heat content of steam leaving line = 
1194.64 Btu per lb. 

Since the heat content of saturated 
steam at 100 psi gage is 1189.7 Btu 
per lb, it is apparent that under 
maximum flow conditions there would 
be no line condensation and the steam 
would have about 8 deg of superheat. 
For the average steam flow of 100,000 
lb per hr the superheat would be in- 
creased because the heat drop to ac- 
celerate steam is reduced and this 
more than offsets the increased heat 
loss in the line per pound of steam 
flowing. For practical purposes the 
steam can be considered as dry and 
saturated at the point of usage. When 
warming up the line and for light 
loads provision must be made for re- 
moving condensation, but under nor- 
mal operation there will be no drips 
to remove from such a line. 

In the case of the 16 in. normal 
pressure loss line the condition of the 
steam leaving the line is found as 
follows: 

Heat content of the 120 psi gage, 
350 F steam at inlet end of line 
1192.4. Heat loss in 16 in. line for 
200,000 lb per hr flow = 2.80 Btu per 
lb. Heat drop to accelerate steam 
200,000 Ib per hr 0.15 Btu per lb. 
Therefore, computed heat content of 
steam leaving line 1189.45. 

Since the heat content of saturated 
steam at 100 psi gage is 1189.7 Btu 
per lb, it is evident that the result 
just computed will not be obtained but 
that the steam leaving the line will 
correspond to the dry saturated con- 
dition. The difference between 1189.45 
and 1189.7 or 0.25 Btu per lb will be 
provided by heat of condensation of 
the drips which form. For this maxi- 
mum flow condition of 200,000 lb per 
hr and a heat of condensation of 880 
Btu per lb, the pounds of condensa- 
tion is found as follows: 

200,000 

Line condensation — 


0.25 


880 
57 lb per hr 

For the average flow condition of 
100,000 Ib per hr, the line condensa- 
tion is determined by dividing the 
product of the steam flow and the 
difference between the computed heat 
content of the steam at the discharge 
end of the line and the heat content 
of saturated steam at the leaving 
pressure by the heat of condensation. 

The heat content of the 120 psi 
gage, 350 F steam entering the 16 in. 
line was 1192.4 Btu per lb. The heat 
loss in this line was computed as 
5.60 Btu per lb for an average flow 
of 100,000 lb per hr. The heat drop 
to accelerate steam is insignificant 

[Concluded on p. 404] 


*Note: If this line discharges into a 
lower velocity line, there will be a cor- 
responding reconversion into heat energy 
If the velocity at the point of usage is 
equal to the initial velocity of steam en- 
tering the transmission line, the only loss 
of heat will be that due to radiation and 
convection in the line 
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@ On this page, Mr. Lewis comments 
informally on a few of the problems 
he has met and is meeting in his wide 
and varied experience as a consult- 
ing engineer doing heating, piping, 
and air conditioning work. Some of 
the time you will agree with him... 
some of the time you won’t ... but 
you'll always find him interesting and 
thought-provoking. 


He Who Buries 
a Return Pipe 


The other day I found a vacuum 
heating pump trying to become a 
water supply system. The centrifugal 
vacuum pump in a big church seemed 
to be weary and very reluctantly 
would return the condensate. The 
fireman used to be troubled with more 
water coming into the boilers than 
was leaving them in the form of 
steam. After months of unsuccess- 
fully trying to find a leaking city 
water supply valve, a broken vacuum 
return buried under the concrete 
basement floor was discovered. This 
pipe had been run through a water 
bearing gravel and sand deposit, The 
pump, innocently and dutifully, had 
been doing its best to drain the water 
and sand out of the deposit until the 
sand had worn down the close clear- 
ances between the impeller and its 
casing. 

He who buries a return pipe or 
permits any client to bury one in 
such manner as to defy easy inspec- 
tion should be disbarred. 


Steam Units 
Save the Day 


All of us are more or less afflicted 
by the necessity for compliance with 
various local, state, and federal codes. 
I have helped to write many of these 
and have some appreciation of the 
good which they accomplish. I have 
also felt oppressed and indignant at 
various times when compelled to make 
some serious change in design because 
of conflict with a forgotten or mis- 
understood code. 

Recently, I designed a very large 
heating-cooling plant in Wisconsin. 
Refrigerated water, to the equivalent 
of melting around 6J0 tons of ice 
in every 24 hours, is pumped to the 
air cooling convectors. The same con- 
vectors and piping are used with the 
same water as a heat transporter in 
winter, except that in winter the 
water is of course heated. 

There is a state code provision that 
hot water shall not be used as a heat 
transport to convectors which heat 
outside air, because of alleged danger 
that the water may freeze in cold 
weather and thus, by preventing ven- 
tilation, cause a health menace. I was 
compelled therefore to provide enough 
steam heated convectors in the plant 
to heat a minimum amount of out- 
side air, though I was permitted to 
use outside air in the 60 remaining 
hot water heating apparatuses. 
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SAM LEWIS’ PAGE 


By Samuel R. Lewis 
Consulting Mechanical Engineer 
Member of HPAC’s Board 
of Consulting & Contributing Editors 





This plant now has been through 
both winter and summer extreme con- 
ditions. We found when there was 
a sudden sharp, cold snap that in so 
large a system we could not heat the 
great volume of water in mains and 
convectors quickly enough to prevent 
freezing, but that the well distributed 
steam heated units, which could keep 
the interior of the building above 
freezing temperature and which could 
be heated quickly even at remote dis- 
tances, saved the day. 

How often in this life do we build 
better than we know! 


Conversion 
to Coal 


I have been having a heavy dose 
of surveying existing boiler plants 
with a view to their being changed so 
as to burn coal rather than oil. It is 
interesting to note the degree of skill 
that has been developed by various 
engineers, architects, and owners in 
locating boilers so that they are un- 
reachable by anything but liquid fuel. 

I have been surprised, too, at the 
number of plants — not particularly 
juvenile in appearance—which never 
have burned any fuel but oil. Com- 
parisons of cost between coal burning 
with automatic stokers and bunker C 
oil generally do not indicate any sav- 
ing by using oil. In most cases the 
change was made from coal to oil 
because of need for greater output. 

In public buildings (particularly 
schools), however, the labor item is 
significant in cost considerations. In 
one recent survey of a district having 
six school buildings, it appears that 
coal will cost $8.50 per ton and that 
extra help to get the coal in and the 
ashes out will cost $6.25 per ton, not 
counting the cost of gasoline and 
tires and automobile maintenance for 
the peripatetic assistant’s transporta- 
tion between buildings. 


Two-Way 
Stretch 


Here is a testimonial to the Hart- 
ford Steam Boiler Inspection and In- 
surance Co. 

I have been working harder and 
faster than my capacity due to try- 
ing to keep ahead of the war pro- 
duction demand. I designed a long, 
crooked, temporary, high pressure 
steam main with a low pressure re- 


turn main alongside it for heating 
an emergency research laboratory 

As in most war work, the budget 
was close and the authorities could 
not settle down in their minds as t 
what sort of a job of underground 
work they would compel me to de- 
sign. After making the drawings and 
estimates over three or four times, 
successively less attractively, I be- 
came discouraged and tired and care- 
less and when finally they decided t 
run both mains in a split tile I paid 
little attention. The contract then 
was let and the mains were welded 
into place. The supply and return 
mains were placed side by side. Ther 
are several right angle turns. Hart- 
ford (who insures them) then told 
me what I had neglected; that ex- 
pansion of the supply will cause it to 
move more than the return main 
alongside it. The difference in length 
when hot will cause such dissension 
between the two at the right angk 
turns despite their apparently safe 
anchors and expansion loops, as t 
render them an unacceptable insur- 
ance risk. 

Of course I was happy—and very 
much relieved—to cooperate by see- 
ing to it that the possibility of dis- 
sension between these parallel pipes 
was eliminated. Now if the steam 
main stretches five inches and if the 
return main stretches only thre 
inches, there remains ample clearance 
between them at the movable right 
angle turns, 





Steam Trans- 
mission Piping 
[Concluded from p. 403] 


for this low flow, so can be neglected 
The computed heat content of the 
steam leaving the line is therefor: 
1192.4—5.6=1186.8 Btu per lb. The 
difference between this computed heat 
content and that of saturated stean 
at 100 psi gage of 1189.7 Btu or 2” 
Btu per lb must be supplied by heat 
of condensation. 
For the average steam flow o 
100,000 lb per hr, the amount of con- 
densate is found as follows: 


100,000 2.9 

Line condensation = —————-——- 
880 

= 330 lb per hr 


Provision must be made, of course, 
for removing the much greater (ua? 
tity of drips which forms during 
warming up the line and for small 
steam flows. 
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“OPEN FOR DISCUSSION” 


(Comment from HPAC’s readers on HPAC’s articles) 


Standardized Heating and Ventilating 
Equipment for Fighting Ships 





T 1 SECTION has read with con- 
siderable interest the article in the 
July HPAC by Commander Urdahl 
and Lieutenant Everetts covering 
the standardization program spon- 
sored and so successfully carried 
on by the air conditioning section 
of the Navy bureau of ships cover- 
ing heating, ventilating, and cool- 
ing equipment for shipboard use 
under their jurisdiction. This sec- 
tion heartily endorses such an 
article and wishes to point out that 
the standardization program defi- 


nitely was and is the outstanding 
factor enabling the fan and blower 
industry to meet the required rate 
of production of such equipment 
for our fighting ships. If such a 
program had not been instituted, 
the industry would have been un- 
able to meet the demands for the 
shipbuilding program and conse- 
quently the air conditioning sec- 
tion, Navy bureau of ships, under 
Commander Urdah! deserves a tre- 
mendous amount of credit for put- 
ting into operation and carrying 
out so successfully such a program. 


The simplification of the produc- 
tion problem, while only one of the 
several distinct and outstanding 
benefits of the standardization pro- 
gram, was of paramount impor- 
tance to this section, which is re- 
sponsible for the overall production 
and operation of the industry.— 
W. H. Ho ut, chief, fan & blower 
section, general industrial equip- 
ment division, War Production 
Board. 


Decentralized Air Conditioning 
Serves Big Aircraft Factory 


| just read Mr. Hendrick- 
son’s article on the Douglas plant 
at Long Beach, published in the 
July HPAC. 


Naturally, to break away from 
tradition as we did for this plant, 
we had many an interesting argu- 
ment for and against the unitary 
design. 

The original decision on the 
blackout problem was most inter- 
esting. At that time, October of 
1940, the use of windows and sky- 
lights with the provision of black- 
out coverings held ready for use 
Was first suggested. For a factory 
building with the traditional saw- 
tooth roof with monitor sash, it 





would require a considerable ton- 
nage of galvanized steel sheets 
held in reserve at strategic points 
ready for prompt application. 

The cost of this item was esti- 
mated and then the structural engi- 
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neers made some comparative fig- 
ures on the two types of roof 
construction, saw tooth versus flat, 
and it was found that the elimina- 
tion of the monitor sash with their 
steel frames, glass and operating 
mechanisms and the simpler steel 
roof truss construction would make 
a sizable saving in the cost of the 
buildings themselves and this sav- 
ing could be applied to the air con- 
ditioning systems. 

After the decision was made for 
the completely windowless plant, 
the next question was central plant 
versus unitary installations. Mr. 
Hendrickson has set forth many of 
the points discussed. I might add 
a few more. 

As my office also provided the 
plans for the underground piping, 
sanitary sewers, storm drains, do- 
mestic water mains, fire mains, gas 
mains, compressed air mains, and 
also the building plumbing and fire 
sprinkler systems, we concluded 
right in the beginning that to add 
another system of water mains 
which would distribute cold water 
for cooling and hot water for heat- 
ing from a central plant to a well 
spread out group of buildings on 
a very large site would add to the 
problem of obtaining proper grades 
for the sewers and storm drains. 
With wide and completely paved 
streets between the buildings, it 
was a difficult enough problem to 
get required grades for proper 
drainage with the various crossings 
of the above mentioned service pipe 
lines. 

We had available an ample supply 
of utility produced electric power 
at reasonable rates, so I could see 
no advantage of adding a high 
pressure steam plant to generate 
electricity or to operate turbine 
driven centrifugal compressors. In 
fact, I never advocate putting a 
client into the power business un- 
less there are very definite advan- 
tages over purchased power. 


I am quite sure that the figure 
given by Mr. Hendrickson that the 
central plant installation with cir- 
culated water would average 15 to 
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20 per cent more in first cost than 
the Long Beach unitary installa- 
tion, is well on the conservative 
side. It is common practice to pro- 
vide all underground concrete pipe 
tunnels, both between buildings and 
in buildings, in the concrete work 
of the general contract work. If 
the cost of such pipe tunnels is 
added to the air conditioning con- 
tract, the difference in cost will be 
increased.—O. W. OTT, consulting 
mechanical engineer. 


I HAVE read the article in your 
July issue by Mr. H. M. Hendrick- 
son, Decentralized Air Condition- 
ing Serves Big Aircraft Factory, 
with considerable interest. There 
are several points on which I would 
like to make comments. 


On the subject of decentraliza- 
tion vs. centralization, I cannot see 
how there can be much argument 
regarding the air handling equip- 
ment, whatever the method of re- 
frigeration may be. This is pretty 
well limited by building conditions, 
particularly space for equipment 
and ducts, and practice in these 
plants has been rather similar in 
size of equipment used—whether 
direct expansion or central chilled 
water. For that reason I do not 
quite understand Mr. Hendrick- 
son’s distinction, except as it ap- 
plies to the source of the refriger- 
ation. 

I am a little bit surprised at his 
statement that in southern Cali- 
fornia the systems must change 
from heating to cooling very rap- 
idly—often heating in the morning 
and cooling in the afternoon. Con- 
sidering a winter design condition 
of 40 F outside temperature for the 
locality, and the fact that this is a 
windowless building with a sub- 
stantial internal load, it seems to 
me that cooling is required the 
great majority of the time. This 
may not necessarily mean operation 
of the compressor, but it is dif- 
ficult to see why heating is needed 
very often. In any event, if reheat 
is required simultaneously with 
cooling, separate piping must be 
furnished to carry it whether the 
system uses direct expansion or 
chilled water as the source of cool- 
ing effect. To say that reheating 
is a virtue available only to a 
unitary system gives a misleading 
impression; it can obviously be 
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used with any kind of system, and 
is more often than not used as an 
adjunct to central systems to pro- 
mote good zoning. 

It is probable that the centralized 
chilled water refrigeration system 
is somewhat higher in first cost 
than a multiplicity of direct expan- 
sion equipment, but, as Mr. Hen- 
drickson points out in his article, 
the economies possible with a 
centralized plant, particularly when 
steam is available for turbine 
drive, will in most cases result in 
a standoff in the operating costs 
(excluding maintenance and su- 
pervision) for the two types of 
systems. Incidentally, his figure 
of 40 F chilled water temperature 
seems to be on the low side. As 
he has pointed out, internal latent 
load is very light, and water tem- 
peratures of 45 F and even as high 
as 47 or 48 F are practical. 

I do not believe that Mr. Hen- 
drickson has dwelt sufficiently on 
the operating and maintenance 
problem. I just cannot believe that 
the operation and care of 125 uni- 
tary direct expansion refrigerating 
systems can be any operating engi- 
neer’s idea of paradise no matter 
how perfect such machinery is, and 
we all know that it hasn’t reached 
the stage of perfection yet. That 


How Much Oil 
Did Rationing Save? 





Mi. HECKEL’s analysis of the 
fuel oil rationing program in the 
July HPAC is very interesting and 
checks rather closely with the ex- 
perience in other offices. Robert 
Gray, who served in a capacity 
similar to Mr. Heckel’s on a local 
board in Long Island, also made an 
analysis of the rationing experi- 
ence there which agrees substan- 
tially with Mr. Heckel’s results. 
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is a tremendous number of pi ves 
of reciprocating machinery spreaq 
all over the plant. It involves |95 
motors to inspect and oil, 125 
starters to service, 125 sets 
belt drives, a like number of ) yes. 
sure switches, and several 

125 expansion valves to ke: 
operation. Mere routine atten; 
and inspection in itself must al 
enormous problem, not to m« 
servicing and attention to leaks 
the refrigerant piping systen 


Obviously the entire probl: 
operation and maintenance is jn 
mensely simplified by the use of » 
few large centrifugal refrigerat 
machines, using low pressure re- 
frigerant, as has been done in mos‘ 
of these plants which have bee: 
air conditioned. 


It is to be greatly hoped that 
comparable operating records ar 
being kept for the centralized and 
decentralized plants, and that som 
day they will be available for pu! 
lication—since it is only by su 
actual results that the factors o! 
power consumption, steam cor 
sumption, refrigerant loss, routi 
service and maintenance _|al 
costs can be determined.—W. A 
GRANT, director of applicatio: 
gineering, Carrier Corp. 


The overall experience of the : 
tioning program resulted, | believ 
in the achievement of a saving i! 
the order of slightly more tha 
3344 per cent of the norma! fu 
oil consumption, whereas M1 
Heckel’s analysis shows a saving 0! 
about 27 per cent. The difference 
may be due to the increased valu 
of the period three, four, and five 
coupons in the middlewest which 
was not the case in the more crit- 
ical areas. 

When it is realized that last year. 
the rationing program got off ' 
a late start and that the public was 
rather confused by _ divergem 
opinions published in the papers 
and did not take full advantage © 
conservation measures, the results 
of the program are extreme!) 
gratifying. This year, with stres 
being laid on the importance ‘ 
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insulation and easy means available 
through the Federal Housing Ad- 
ministration to finance conserva- 
tion measures, the possibilities of 
further savings are apparent. 
Efficient utilization and more 
widespread use of insulation and 





storm sash should effect savings 
this year of something like 40 per 
cent with less overall discomfort 
and no real hardship.—RosBertT K. 
THULMAN, mechanical engineer, 
technical division, Federal Hous- 
ing Administration. 


What's the 
Baby’s Name? 


T mo YOU at your word (see 
p. 145, back section, July HPAC), 
the following comments outline my 
pinion as to the proper terminol- 
yy to be employed in discussing 
the subject of “ 


radiant heating”: 
Mr. Mills has made a_ good 
point in underlining the somewhat 
onfused conditions existing in the 
terminology applied to the art of 
“panel heating,” etc. “Many years 
ago the Byers Co., when it first 
became interested in this work, cast 
about on its own hook for the 
proper descriptive term and finally 
decided that “radiant heating’ was 
the most accurate. We reasoned 
that since this system of heating 
was based on an entirely different 
physical principle from conven- 
tional systems, it could best be de- 
scribed by using the term “ra- 
diant” which in turn is a form of 
the word “radiation.” Frankly, we 
know of no other term which so 
aptly fits this system of heating 
since it is exactly a process of ra- 
liating heat from a warm body to 
another one. Or if you prefer to 
look at it. the other way around, it 
is a system whereby heat loss from 
the body to other surfaces is pre- 
vented by bringing up the tempera- 
ture of those other surfaces to a 
place where the heat loss through 
radiation from the body is at a 
omfortable level. From this it be- 
tame obvious to us that the word 


f Tadiation” was the key word and 


‘that any description of this heat- 
ig system was meaningless unless 
some derivative of the word was 
ised, 


We realized, of course, that for 
a tim there would be some possi- 
bility of confusion between “radia- 
or’ and “radiant.” But we felt that 
What was originally a misnomer— 
‘ince most radiators are really con- 
‘ectors—could not be corrected, 


; 


and that little would be gained by 
resorting again to improper nomen- 
clature simply to avoid a remote 
In other 
words, two “wrongs” would hardly 


possibility of confusion. 


make a “right”—if one “wrong” 
had already been made, why add 


Big Inch Pipe 


to the confusion by making another 
one? 

Over the past years we also con- 
sidered such terms as “panel heat- 
ing,” “panel warming,” etc., but 
discarded any idea of using these 
because we felt that they were not 
truly descriptive. Another objection 
is that they tend to imply a number 
of things—such as prefabrication, 
ready assembled heating units, etc 

which are not necessarily the 
case. 

I sincerely hope that the fore- 
going comments will help you throw 
some light on this confused picture 
and I do want you to know h 
feel—that until a more accurat 
term comes along, the baby’s nam 
is still “radiant heating.”——C. A 
HAWK, JR., engineering 
dept., A. M. Byers Co. 
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Line Completed 


Workmen at Phoenixville, Pa., finish the final joint in the Big Inch pipe line 


which carries oil from Texas to the East. 


The welding was watched by an 


assemblage of government officials and oil and steel men 
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How to Size 


RADIATORS AND CONVECTORS 


When Used in the Seses Hot Water Heating System 


- HAS been found by experience 
that it is difficult to secure a bal- 
anced hot water heating system if 
convectors and radiators are used 
together in the same system. The 
reason for this difficulty is that the 
heat emission of a radiator varies 
approximately as the 1.3 power of the 
water to air temperature difference, 
and the heat emission of a convector 
varies approximately as the 1.5 power 
of that temperature difference. Con- 
sequently, if the temperature of the 
water circulating in the heating sys- 
tem is modulated with the varying 
heat requirement so that the radia- 
tors will, at all times, emit the re- 
quired quantity of heat, and if the 
sizes of the radiators and convectors 
are selected so that each will emit 
the required quantity of heat when 
the heat requirement is high, the 
convectors: will emit an insufficient 
quantity of heat when the heat re- 
quirement is low. 

In the accompanying chart the two 
sloping lines show (approximately) 
the heat emission of radiators and 
convectors, in Btu per hour per 
square foot of equivalent direct radia- 
tion, for various water to air tem- 
perature differences. According to 
this chart, if the temperature differ- 
ence (water to air) is 145 F, radia- 
tors and convectors will each emit 
heat at the rate of 240 Btuh per sq ft 
EDR; however, if the temperature 
difference is 50 F, radiators will emit 
heat at the rate of 60.1 Btuh per 
sq ft EDR, and convectors at the 
rate of 48.6 Btuh per sq ft EDR. 


Examples Show Effect 


The following examples illustrate 
the effect of the difference in the 
variation of heat emission by radi- 
ators and convectors with varying 
water to air temperature differences. 

Example 1: Assume a building hav- 
ing two rooms exactly alike, each 
having a heat loss of 7200 Btuh when 
the indoor temperature is 70 F and 
the outdoor temperature is zero, one 
of the two rooms to be heated by 
means of a radiator and the other 
by means of a convector, and the 
radiator and the convector to be in 
balance when the outdoor tempera- 
ture is zero, i.e., when the heat de- 


408 


By F. E. Giesecke 


mand of each room is 7200 Btuh. 
Assume that for this condition the 
mean water temperature in the radi- 
ator and in the convector is 215 F, 
so that the temperature difference, 
water to air, is 145 F. 

For this temperature difference, the 
heat emission of the radiator and of 
the convector will be, according to 
the chart, 240 Btuh per sq ft EDR, 
hence both radiator and convector 
should be of the sizes rated as 
7200/240 or 30 sq ft EDR; in that 
ease, both radiator and convector, 
when filled with 215 F water, will 
emit heat at the rate of 30 x 240 or 
7200 Btuh, and the heating system 
will be balanced. 

When the outdoor temperature 
rises from zero to 60 F, the heat 
requirement of each recom decreases 
to one-seventh of 7200, or from 7200 
to 1029 Btuh. The heat emission of 
the radiator must then be reduced 
to 1029/30 or 34.3 Btuh per sq ft 
EDR; to effect this reduction in heat 
emission, the water to air tempera- 
ture difference must be reduced, ac- 
cording to the chart, from 145 to 
32.4 F, and the mean water tem- 
perature in the radiator must be re- 





Difficult to Balance 


It’s difficult to balance a hot 
water heating system when both 
radiators and convectors are used 
in the same circuits, for the heat 
emission of a radiator varies with 
the temperature difference between 
water and air according to one 
power and the heat emission of a 
convector varies in accordance with 
a different power, as indicated on 
the chart shown here. Dr. Giesecke 
—professor emeritus, Agricultural 
& Mechanical College of Texas, 
and a member of HPAC’s board of 
consulting & contributing editors 
—explains the problem and gives 
two examples of it. 

He suggests sizing the radiators 
and convectors so they will be in 
balance when the outdoor tempera- 
ture is slightly below the mean 
outdoor temperature for the heat- 
ing season. Thus, the heat emis- 
sion of the convectors will 
somewhat high during colder 
weather and somewhat low during 
warmer weather. 











duced from 215 to 70 + 32.4 or 102.4 
F. With water at this mean tem. 
perature of 102.4 F flowing through 
the convector and the corresponding 


temperature difference, water to air 
of 32.4 F, the heat emission of th 
convector will be, according to the 


chart, at the rate of 25.4 Btuh per 
sq ft EDR, or at the rate of 762 Btuh 
for the 30 ft convector, instead of at 
the required rate of 1029 Btuh. Con- 
sequently, the heat emission of the 
convector will be about 26 per cent 
too low when the outdoor tempera- 
ture is 60, although it is in balance 
with the radiator when the outdoor 
temperature is zero. 

Example 2: Assume the same con- 
ditions as in example 1 except that 
the size of the convector is selected 
so that it will be in balance with the 
radiator at the mean outdoor tem- 
perature instead of at the minimum 
outdoor temperature; that is, in this 
case at an outdoor temperature of 
35 F. 

With an outdoor temperature of 
35 F, the heat requirement of each 
room will be one-half of 7200, or 3600 
Btuh, and the radiator must emit heat 
at the rate of 3600/30 or 120 Btuh 
per sq ft EDR. For this rate of heat 
emission the temperature difference, 
water to air, must be (according to 
the chart) 85.1 F; that is, the mean 
water temperature in the radiator 
must be 70 + 85.1 or 155.1 F. With 
this water to air temperature differ- 
ence the heat emission of the con 
vector will be, according to the chart, 
107.9 Btuh per sq ft EDR and, con- 
sequently, the required size of the 
convector will be 3600/107.9 or 334 
sq ft EDR. 

With a convector of this size, the 
heat emission will be 33.4 X 240 or 
8016 Btuh when the outdoor tempers 
ture is zero, and 33.4 X 25.4 or 848 
Btuh when the outdoor temperature 
is 60 F. Consequently, the heat 
emission of the convector will be 
(8016—7200) /7200, or over 10 per 
cent too high when the outdoor tem- 
perature is zero, and it will b 
(1029—848) /1029, or almost 18 pe 
cent too low when the outdoor tem 
perature is 60 F. 


It appears from the foregoing al: 
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culations that when convectors and 
radiators are to be used together in 
a hot water heating system that they 
should be sized so that they will be 
in balance when the outdoor tempera- 
ture is slightly below the mean out- 
door temperature during the heating 
season; if this is done, the heat emis- 
sion of the convectors will be from 
12 to 15 per cent too high during the 
coldest period of the heating season 
and from 12 to 15 per cent too low 
during the warmest period of the 
heating season. 

These calculations based on the 
chart are not accurate for all radi- 
ators and all convectors because the 
heat emission of radiators and con- 






















vectors varies somewhat with the 
general forms and proportions of the 
radiators and convectors; in the case 
of radiators, the rate of heat emis- 
sion may vary with’a power of the 
water to air temperature difference 
differing slightly from 1.3; in the 
case of convectors, the rate of heat 
emission may vary with a power of 
the water to air temperature differ- 
ence differing materially from 1.5. 
This method of calculating sizes of 
radiators and convectors for joint use 
can be safely applied if it is known 
definitely how the heat emission of 
the particular radiators and convec- 
tors to be used varies with the water 
to air temperature difference. 


The heat emissions of radiators and convectors vary according to 

3 different powers of the water to air temperature difference. T. is 

the temperature of the water within the radiator or convector, and 
T, is the room air temperature, in degrees Fahrenheit 
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The formulas Btuh = 0.3719 (T+ 
—T,)** for radiators and Btuh 
0.1375 (T.~—T.)** are based on the 
definition that the heat emission of 
radiators and of convectors is at the 
rate of 240 Btu per hr per sq ft of 
equivalent direct radiation, when the 
temperature difference, steam to air 
or water to air, is 215 F — 70 F or 145 
F, and on the assumption that the heat 
emission of radiators varies as the 1.3 
power of that temperature difference 
and that the heat emission of convec- 
tors varies as the 1.5 power of that 
temperature difference. The expon- 
ents 1.3 and 1.5 are given in the 1943 
ASHVE Heating, Ventilating, Air 
Conditioning Guide, p. 265; they are 
based largely on experimental deter- 
minations at the University of Illinois. 
However, it has been found that the 
exponent 1.3 may vary slightly with 
the type of the radiator and that the 
exponent 1.5 may vary materially with 
the type of the convector; consequent- 
ly, the exponents 1.3 and 1.5 are rec- 
ommended only as good average values 
to be used in the absence of exponents 
determined experimentally for the 
particular radiator or convector un- 
der consideration. 





URGES CONSUMERS 
TO ORDER OIL NOW 


The Petroleum Administration for 
War said last month that although the 
program for supplying heating oil this 
winter contemplates the filling of 
consumer tanks as soon after July 1 
as possible, it may be that the tanks 
of many consumers cannot be filled 
until late summer. 

Delay in filling some tanks, Deputy 
Administrator Ralph K. Davies said, 
will be due both to the necessity of 
utilizing fuel oil tank trucks in the 
most efficient wartime manner pos- 
sible and to the lack of adequate man- 
power in the distributing branch of 
the petroleum industry. 

Accordingly, Mr. Davies added, fuel 
oil suppliers will not find it possible 
to fill the orders of all their customers 
immediately and simultaneously. In- 
stead it will be necessary for them to 
space their deliveries over a period 
of several weeks in order that the 
most effective use can be made of 
automotive equipment and of the 
limited manpower available. 

Mr. Davies emphasized, however, 
the importance of consumers placing 
their orders and turning their fuel 
oil ration coupons over to their sup- 
pliers as soon as they obtain them 
from their ration boards. 

This, he said, will enable each sup- 
plier accurately to estimate his fuel 
oil demand early and to program his 
deliveries to consumer storage in an 
orderly and progressive fashion prior 
to the opening of the heating season. 

> > . 

It is good business, as well as your 

patriotic duty, to save fuel—coal, oil, 


or gas—by heating efficiently. Uncle 
Sam wants you to fight waste! 
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Answering the Question: 





How Much of My Fuel : 

















Should I Have U sed >| 
7 7 
: 
} 
} 
| ERO , ; 
N THESE days of rationed fuel oil, Table 1—Percentage of total fuel burned in each month for a year of norma! 
and of an awareness generally of degree days 
the need of using natural resources = = —— : 
as sparingly as possible, data which —— a ee A, ay Sane Bie Ane 
will enable one to judge whether fuel Auge RAMA 
. . > ning 2 28 92 « a ‘ 
is being consumed economically or not Mobile. wae Hg esate es -2 Ty 23 : $8.4 : - = . : 
are of considerable help. For this ARIZONA 
purpose, Tables 1 and 2 have been Phoenix .......... —< 11.4 28.7 30.4 19.7 95 0.3 
: : ARKANSAS 
prepared. Fx —? ; 
. . ie: GE wees. soe B.D 183.6 32.8 35 20. 2.3 
Although the illustrative examples Little Rock ......... 25 135 225 25 1 3:7 ; 3 ; - 
below deal exclusively with fuel oil, CALIFORNIA 
these tables can be used for any kind Los Angeles ........ 0.7 83 17.7 219 181 15.8 114 5.9 0.2 
, - San Francisco . 4.3 8.1 13.1 14.4 11.0 10 Ny) 7.8 60 6.2 
of fuel—il, gas, or coal—and applied COLORADO 
to any building which is normally Denver ..... iia ai . 7.3 12.8 17.2 18.5 15.4 135 9.1 46 0 
heated to 70 F. The reason that the eee Junction ..... 6.7 18.6 20.4 22.4 15.8 117 67 2.2 
. . . \ONNECT TT ' 
tables cannot be applied to buildings ey 5.9 11.7 17.0 19.3 17.0 153 9.0 3.7 02 
which are heated to lower tempera- DIST. OF COLUMBIA F 
tures is, of course, that the degree Washington ......... §.1 12.8 19.0 21.2 18.0 15.0 7.5 1.3 
day data from which these tables F eaDA ; , 
acksonville ..... oa ee 9.5 329.1 32.1 21.1 8.2 
have been computed are based on a GEORGIA \ 
70 F indoor temperature. Atlanta ........e sees 2.8 13.5 21.9 242 19.3 14.1 4.2 : 
Table 1 shows for various localities —— teeees saes OO ERS BS -Oes 36S 45 
the fuel burned in each month as a I weracwi ele sca 7.7 128 18.2 194 15.1 123 7.8 44 0.5 
percentage of the total fuel burned ILLINOIS 
smo s : 209 P ‘ 0 ee oe ot RES. eee Ue UTS ORS 8.6 0.1 
during a heating season of a normal > aaa "tee Ss 97 191 221 184 142 «68 1 
number of degree days. The values INDIANA 
of monthly degree days and the values Evansville ........ 4.1 13.1 20.4 23.1 19.0 14.0 5.9 0.4 
of normal degree days for the entire a eorseces BA 128 19.12 21.3 17.8 146 73 1.5 
heating season are taken from pp. Des Moines ...... . 5.6 12.5 18.9 21.7 18.0 141 7.0 1.8 
232-233 of the ASHVE’s Heating, Sioux City ........ 6.2 12.7 18.4 20.7 17. 14.2 7.3 2.0 
Tontilati i ee ree — KANSAS 
Ventilating, Air Conditioning Guide, Sodas City .....<- 54 183 198 221 176 186 68 13 
1943. EES ccbateaya' 4.9 13.0 20.0 22.7 18.7 13.6 6.0 1.0 
The following example illustrates KENTUCKY a — am ; 
exington ...... 5 3.2 19.7 21.6 18.0 .. Ya 0 
the use of Table 1 poe © 431 203 327 > aa 
: a ee 41.2 13.1 20.3 32.7 18.6 14.5 6.2 0.4 
, ‘ — = : t LOUISIANA 
_Example 1: Suppose that the fuel ‘Sng ae ae 10.2 286 32.0 212 7.0 
oil burned in an average year by a Shreveport ... 1.2 13.8 25.1 28.4 20.1 10.6 0.8 
building in Los Angeles amounts to MAINE : : 
: : Eastport ....... 6.4 10.0 14.2 16.3 14.4 13.2 9° 62 7 17 
3000 gal. How much oil would nor- I 3 cee 65 112 161 183 160 143 92 5.0 11 
mally be burned in the month of MARYLAND 
January? Baltimore ..... oe 4.7 12.4 19.0 21.4 18.3 15.6 7.6 1.0 
my ~<A - 4 é “i ~ ro ST" ‘Ss 
Solution: Referring to Table 1, in .— —— wee = _— -9 115 16.8 19.1 169 152 923 41 O2 
Los Angeles the fuel burned during MICHIGAN 
January is 21.9 per cent of the total. Detroit ........-..--. 60 119 17.1 195 17.2 1.2 87 34 0.1 
. Marquette ........ 6.5 10.9 15.1 17.3 15.6 14.3 9.4 5.7 2.1 0.1 ; 
Hence, the fuel burned during Janu- MINNESOTA 
ary = 3000 X 0.219 = 657 gal. PEE. sscaestes ..ee 66 10.7 15.5 18.1 15.3 131 86 56 2.4 0 
Minneapolis ..... oo» GF 22464 1D 26 BA BRD 7.1 ..9 0.1 
Table 2 shows the total fuel burned MISSISSIPPI 
from October 1 to the end of any N : ay reese 1.2 13.6 25.1 28.2 20.0 10.9 1.0 4 
: MES . MISSOURI # 
month as a percentage of the total Kansas City ....... 45 12.8 20.2 22.8 18.9 13.8 6.1 0.9 +B 
fuel burned during a heating season St. Louis °... . 42 13.0 20.6 23.1 18.6 143 5.9  0.; 3 
. _ - > 99 2 « 3 9 6 0.9 
of a normal number of degree days, Fh am oeereeuens 4.8 13.1 20.2 22.1 18.9 13. ; mG; 
as October 1 is the start of the OPA’s ” om. Zt npee 7.4 11.7 16.0 18.7 16.7 136 7.4 42 1.1 # 
“heating year.” The following ex- NEBRASKA , ° or » ies 3 1] 
é i 3 _ > us ‘ » 2 RY od Chad avalos 5.5 12.8 19.2 21.6 18. . 6.7 Ey 
ample illustrates the use of Table 2. eee oben 5.4 129 19.5 21.7 18.0 141 6.7 15 .. 
7 : iti NEVADA q 
Example 2: Take the conditions of Winnemucca ........ 82 12.6 17.1 17.8 13.9 123 87 54 12 . , ¥, 
example 1 and find the total fuel NEW HAMPSHIRE - 
normally burned from October 1 to Concord —eee oe ae a Re es Cet oe oe . é 
the ond of Sonmary. NiAtiantie City 4.8 11.2 17.2 19.5 17.0 15.8 100 41 0.2 ff 
~ 4 e ° 9 « FY «seces ° « foe 7.0 ‘. a. ° 4 Ft 
Solution: Referring to Table 2 for NEW MEXICO 
Los Angeles and for the period from VERE oc coasewiese 7.4 189 17.8 16.4 147 129 980 €7 @8 ... : 
October 1 to January 31, 48.6 per NEW YORK ae s me K 
ao RD 63-418 S03 8 S05 WS 84: 29 |... 
cent of the total fuel would be burned. | ppeppesrennney 5.9 11.3 16.0 184 16.7 15.4 98 47 0.6 : 
Hence, 0.486 < 3000 = 1458 gal. SO ONE 6 kvcdeende 5.1 11.8 17.6 20.0 17.8 160 89 2.46 
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Table 1 (continued )—Percentage of total fuel burned in each month for a year 
of normal degree days 


NOR TH CAROL INA 
Ri aleig h 
Ww imington 

NORTH BAROTs A 
Bismarck 


OHIO 
Cincinnati 
Cleveland 
Columbus 


OKLAHOMA 
Oklahoma 


OREG( IN 
Baker 
Portland . 
P EN N Ss Y LV A N I A 
Philadelphia 
Pittsburgh 
sOUTH CAROLINA 
Charleston 
Columbia 
SOUTH DAROT. A 
Huron , 
Rapid City 
rENNESSEE 
Knoxville 
Memphis 
Nashville 
' TEXAS 
El Paso .... 
Fort Worth 
Houston 
San Antonio 
TAH 
Modena P 
Salt Lake Cc ity 
> VERMONT 
Burlington 


City 


VIRGINIA 


Lynchburg 
Norfolk we 
Richmond 
WASHINGTON 
Seattle . 
Spokane 


S WEST VIRGINIA 


b 
; 


) Table 2—Accumulated percentages 


a 


od Bd Oates 


3b 
é 
> 
ri 


= CONNE« 


Elkins .... 
Parkersburg 


ow ISCONSIN 


Green Bay 
La Crosse 
Milwaukee 
WYOMING 
Cheyenne 
Lander 


ALABAMA 
Birmingham 
obile 
ARIZONA 
Phoenix 
ARKANSAS 
Fort Smith 
Little Rock 
— IFORNIA 
s Angeles . 
San Francisco 
COLORADO 
Denver vi . 
Grand Junction 
‘TICUT 
New Haven 
DIST. OF COLU MB [A 
Washington 
FLORIDA 
Jacksonville 
GEORGIA 
Atla 


Savar nah 
I] AHO 

Be 
IL LI Ne IS 

Chi a5) 

Springfield 
INDIANA 

Var ille . 

India apolis 
IOW A 

Des Mn Dede ene en 

Sioux City ..... 
KANSAS 

Dodge City 

Top. a exda< 


Oc 


4 
9 


Co 


9 


a ~I1tS 


t 


5.6 


= 


Peo 


Nov 


‘ 
4 


16 


18. 
16.9 


15 


16. 


acom~ 


«.V 


ee | 


Dec 


38.5 
37.9 


Jan. 


to 
Lt 


-a- 


2 
2Se 
wile 


_ 
am 
ww 


Feb. 


19.2 


20.5 
19.! 


16 


16 i. 


16. 


s 


‘Mar. 


14.4 


15. 


Ss 


Apr. 


May 


June 


July 


Aug 


“0° 


from October 1 to end of month. 
accumulated percentages show total fuel burned from October 1 to 
end of any month for a year of normal degree days 


Jan 


59.2 


60.7 
58.6 


58.7 
58.0 


60.6 
60.6 


Feb 


85.2 
SA.2 





Mar. Apr. 
97.6 100.0 
49.2% 100.0 
99.7 100.0 
96.9 100.0 
96.8 100.0 
82.5 93.9 
61.2 70.5 
84.7 93.8 
90.6 97.3 
86.2 95.2 
91.1 98.6 
100.0 

95.8 100.0 
99.0 100.0 
85.5 93.3 
87.7 96.3 
S18 98.6 
93.7 99.6 
91.0 98.3 
90.8 97.8 
89.7 97.0 
91.8 98.6 
92.9 98.9 
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May 


ou 


100 
99 


99. 


99 


9S 
949 


June 


84.3 


July 


905 


A 





Sept 


0.2 
us 
0.3 


wel 


“1 


These 


ug. Sept 


96.2 100.0 


100.0 


100.0 
100.0 


100.0 


100.1 
ooo 
100.0 
100 0 


100.0 
100.0 


100.0 
100.0 


tables are based on data ob- 
Weather Bureau records 


These 


tained from 


for a number of years. However, it 
is quite possible in any locality for 
the degree days in any one year to 


greater or lower than the normal. 
In addition, because some months may 
be warmer or colder than normal, it is 
possible for the monthly degree days 
for any one year to differ somewhat 
from the normal degree days for that 
month. Nevertheless, the percentages 
given in Tables 1 and 2 can be of con- 
siderable help in roughly estimating 
whether any particular building is 
burning more or fuel than it 
should according to the total alotted 
to it under the rationing regulations. 


be 


less 





RECENT AMENDMENTS TO 
FUEL OIL RATIONING ORDER 


1 to 


0 rde r 


An index to amendments Nos. 
to the fuel oil rationing 
appeared on pp. 171-172 of the April 
HPAC, Amendments 51-60 were cov- 
ered 233 of the May HPAC, 
and amendments 61-65 on p. 52, front 
June HPAC. The following 
information on amendments 66-71 has 
been taken from OPA fuel oil indus- 

try letters issued last month: 


50 


on p- 


section, 


Amendment 66, effective June 10, 
provides that any person who is eli- 
gible to purchase a new oil fired space 
heater may receive a fuel oil ration 
if he purchases instead a used heater 


Formerly he was eligible for a fuel 
oil ration only if he purchased a ra- 
tioned new heater. 

Amendment 67, effective July 1, 


makes provision for putting the fuel 
oil program under ration banking. 
Generally, it specifies who are _ re- 
quired and who are permitted to open 
and use ration bank accounts, the 
number of ration bank accounts that 
may be opened by each depositor, the 
evidences which may deposited, 
and the circumstances under which 
ration checks may issued and 
cepted. 


be 


be ac- 


Amendment 68, effective July 1, 
provides for incidental changes 
throughout the regulations which are 
required in order to bring them into 
line with the new procedure for the 
issuance of renewal heat and hot 
water rations for the 1943-44 heating 
year. Among a number of such 
changes it provides, in the interest of 
simplicity, that the use of validating 
stamps and the writing in of serial 
numbers upon coupons be eliminated. 
It dispenses with the requirement 
that consumers return coupon sheet 
stubs and delivery receipt stubs to 
local boards. It requires dealers to 
preserve for two years, instead of one 
year, records of the base period de- 
liveries to customers. 


Amendment 69, effective July 1, 
provides for the issuance of renewal 
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Table 2 (continued)—Accumulatea percentages from October 1 to end of month. 
These accumulated percentages show total fuel burned from October 1 
to end of any month for a year of normal degree days 


Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. 











KENTUCKY 


OD” >= 5.1 18.8 38.0 59.6 77.6 92.0 99.0 99.9 ... ..- -++ 100.0 
SOE. awd sneees 4.2 17.3 37.6 60.3 78.9 93.4 99.6 100.0 ... «++ eee one 
LOUISIANA 

New Orleans ........ eos BOB SBS TS BB0 200.8 cco see c00 eve 
BRPOVEROTE co ccccsccse 1.2 15.0 40.1 68.5 88.6 99.2 100.0 ... «1+ «es 

MAINE 

OT ere 6.4 16.4 30.6 46.9 61.3 74.5 83.7 90.0 93.5 95.2 96.7 100.0 
PE cdnddcva taeda 6.5 17.7 33.8 52.1 68.1 82.4 91.6 96.6 97.7 ... 97.8 100.0 
MARYLAND 

Baltimore ........... 4.7 17.1 36.1 57.5 75.8 91.4 99.0 99.9 - 100.0 
MASSACHUSETTS 

Boston ...... gebeesee 5.9 17.4 34.2 53.3 70.2 85.4 94.7 98.8 99.0 . 100.0 
MICHIGAN 

DE scntaseetcased 6.0 17.9 35.0 54.5 71.7 86.9 95.6 99.0 99.1 ... ... 100.0 
eee 6.5 17.4 32.5 49.8 65.4 79.7 89.1 94.8 96.9 97.0 97.4 100.0 
MINNESOTA 

SS cbead «etisica te 6.6 17.3 32.8 50.9 66.2 79.3 87.9 93.5 95.9 96.2 97.0 100.0 
Minneapolis ......... 6.3 18.7 36.6 57.2 74.6 88.5 95.6 98.5 98.6 ... ... 100.0 
MISSISSIPPI 

VIGOR x ccccsscce 1.2 14.8 39.9 68.1 88.1 99.0 100.0 

MISSOURI 

>= eae 4.5 17.3 37.5 .2 93.0 99.1 100.0 . 
LS dno ke bd oe oe 4.2 17.2 37.8 60.9 79.5 93.8 99.7 100.0 ‘ 
CE. Kcevevosas 48 17.9 38.1 79.1 93.0 99.1 100.0 

MONTANA 

EE rare 7.4 19.1 35.1 53.8 70.5 84.1 9).56 95.7 96.8 ... 97.0 100.0 
NEBRASKA 

 diknekh ih oédee BB 36.3 DES O83 T7.0 S68 BED TAT icc cee) =6(tee BO 
SE “A debdude ested C4 335 Oe cae Tew See Gee BRS. cee ces ce 
NEVADA 

Winnemucca ........ 8.2 20.8 37.9 55.7 69.6 81.9 90.6 96.0 97.2 ... ... 100.0 
NEW HAMPSHIRE 

i 6.5 17.7 33.9 62.4 @8.6 83.2 92.1 96.7 97.6 ... ... 100.0 
NEW JERSEY 

Atlantic City ........ 4.8 16.0 83.2 652.7 69.7 85.5 95.5 99.6 99.8 ... ... 100.0 
NEW MEXICO 

Ee ats tei ceeee< 7.4 20.3 37.8 56.2 70.9 83.8 92.8 97.5 98.0 ... ... 100.0 
NEW YORK 

DEE Sah tid Sauces en 6.1 17.9 35.2 55.1 72.6 87.9 96.3 99.0 ... ... «+. 100.0 
EE os aia a cnl ns «hehe 5.9 17.2 38.2 51.6 68.3 83.7 93.5 98.2 98.8 ... ... 100.0 
gs ee 5.1 16.9 34.5 64.5 73.3 88.3 97.2 99.8 ... ... «+. 100.0 
NORTH CAROLINA 

I elite athe ae eisai 3.1 16.3 37.8 61.1 80.3 94.7 100.0 

WE sic aesccus 1.3 13.0 34.4 59.3 80.1 95.9 100.0 

NORTH DAKOTA : 

ENE natvnicseusc 6.8 18.8 35.9 65.3 72.1 86.0 93.5 97.1 97.7 ... ... 100.0 
OHIO 

CE écevandaee 5.6 18.8 37.9 58.9 76.5 91.0 98.4 99.8 ... ... «-. 100.0 
Cleveland ...... weesee 5.7 17.6 84.6 58.9 71.0 86.8 95.6 99.1 99.2 ... «.-. 100.0 
0 ES OR 6.6 38:4 S73 SUS VEE OO.6 CS BAT .:s) tcc) cee EO 
OKLAHOMA 

Oklahoma City ...... 3.3 16.7 38.7 63.2 82.8 96.6 99.9 100.0 ... «e- cec 
OREGON 

Se ee 7.9 20.0 36.2 53.4 67.4 79.1 87.3 93.0 95.7 95.9 96.3 100.0 
DEE: etnhasevede 7.5 19.8 36.4 54.3 68.7 81.3 90.2 95.9 97.7 ... ... 100.0 
PENNSYLVANIA 

Philadelphia ........ 49 265. 06.6..06:4 3408. O09. O08 SOD nce cee acs BS 
Pe §.6 18.2 36.6 67.1 74.8 90.0 96.0 90.7 ... «ceo coe 100.0 
SOUTH CAROLINA 

ee 0.5 12.5 36.4 63.6 84.1 97.8 100.0 

EL beatae o:6'd-a oan 2.3 16.3 39.6 64.5 84.4 97.3 100.0 

SOUTH DAKOTA 

CE adn 6b eeu e404 6.6 18.9 36.4 56.8 74.2 87.8 95.1 98.4 98.6 ... ... 100.0 
Rapid City ...... oso Dh TOR BSC BGR WOR: CA2 GY Ge GAR ke (cok OO 
TENNESSEE 

Pe” sceuadeeees 4.4 18.6 39.7 62.1 80.0 94.0 99.8 100.0 

Ds he cathe e ells 2.6 16.1 38.5 63.8 83.4 96.7 100.0... 

PEED “wc venccevas 3.7 17.4 38.7 62.1 80.8 94.8 99.9 100.0 

TEXAS 

2.) See 2.9 17.8 43.0 68.0 86.1 97.6 100.0 

Port Worth ......65. 1.1 14.2 39.1 67.0 88.5 98.9 100.0 

DE Sinewewesnees cow Be SS.. 2a Ge Beets 

San Antonio ........ 11.3 40.0 72.3 94.3 100.0 

UTAH 

Baars Ser ae Se 26.8: S32 2s O° 28 216 GAR SES ce) | ses eee 
Salt Lake City ..... 6.9 19.7 38.0 57.8 73.4 86.3 94.6 98.8 99.0 ... ... 100.0 
VERMONT 

re 6.5 18.0 34.8 53.8 70.8 85.6 94.3 97.8 98.12 ... ... 100.0 
VIRGINIA 

Pere eee ye 5.2 19.1 39.6 61.7 79.6 93.8 99.8 100.0 

EE  vetin aun we ak . 2.7 14.9 35.2 57.8 76.5 92.1 99.4 100.0 

CEE tea didgee ae 4.4 17.5 38.0 60.0 78.6 93.0 99.6 100.0 
WASHINGTON ; 
SEE 4 -eiwirs panes ee 8.3 19.7 33.8 49.3 62.4 74.6 83.7 90.1 93.6 94.8 96.0 100.0 
Dc cndenaweesan G3: Bas B86 CAS VES SES SES OCR FS ose coe Oe 
WEST VIRGINIA 

ER oo 7 .3as: 325: 86S: FOS Bee Bee Bae. ore <se «ss Se 
Parkersburg ......... Sy. ae. See. ee See eee Re TA ce tte 4 én ee 
WISCONSIN 

ee 6.5 18.3 35 54.4 71.3 85.6 93.8 97.8 98.2 . 100.0 
eee 6.2 18.5 36.6 57.3 74.9 89.1 96.4 98.8... . 100.0 
BS ee 6.0 17.6 3 53.8 70.3 84.6 93.5 98.2 98.9 . 100.0 
WYOMING 

SRG siden skeen 8.3 20.4 35.5 51.8 65.9 79.1 88.7 94.8 96.6 96.8 ... 100.0 
DG a dunthesedeest 8.0 20.6 37.3 54.8 69.2 81.4 89.6 94.8 96.4 ... 96.6 100.0 
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heat and hot water rations for the 
1943-1944 heating season. It sine. 
tions the use of the simple rea; »|j- 
cation form OPA R-1167. Provi- oy 
is made for raising the area cei ing 
from 2000 to 3000 sq ft for the : rs; 
occupant in a private dwelling, .n, 
to re-figure rations for both cen:ra) 
heating plants and space heater; 
used in smaller homes, as out! ned 
in industry letter No. 11. It 
vides for the issuance of heating ry. 
tions with class 3, 4, 5, and 6 coy. 
pon sheets, or fuel oil deposit certif. 
cates, depending on the size of th 
ration. The number of zones in th, 
limitation area is increased from foy, 
to 10 by using north-south division 
lines running across the existing 
thermal zones. 



























Amendment 70, effective July 14 
amends the definition of additiona) 
facilities to permit the issuance of 
fuel oil rations for the operation of 
incubators, brooders, growing bat. 
teries and other farm equipment, re- 
gardless of the date of its installa. 
tion or acquisition. It is essentia! 
to the war effort that rations should 
be issued for oil burners, heaters, and 
other equipment for raising and pre- 
paring for market crops, poultry 
livestock, or other agricultural prod- 
ucts. 


Amendment 71, effective July 1, 
provides for certain changes in sub- 
stance and procedure in the sections 
of the regulations relating to contro! 
and audit. The classification of sec- 
ondary suppliers is eliminated and all 
distributors who do not qualify as 
primary suppliers are defined as 
“dealers”. All distributors registered 
as secondary suppliers prior to July 
1, 1943, are automatically registered 
as dealers. Provision is made for 
late registration of primary suppliers 
and dealers. The provisions regard- 
ing commingling are changed to treat 
dealers and primary suppliers sep- 
arately. Sections describing fuel oil 
inventory and storage capacity are 
revised for clarification. Provision 
is made to permit surrender of cov- 
pons in the industry within 15 days 
after transfer of fuel oil, with th: 
consent of the transferor, instead of 
five days as presently established. De- 
livery of coupons in advance of the 
transfer of oil is limited to five days 
and the use of coupons delivered in 
advance is prohibited until the oi! 
is actually transferred. Provision 's 
made for the issuance of exchangt 
certificates by boards instead of in- 
ventory coupons to dealers, afte: 
July 1. A requirement that al! ex 
change certificates be endorsed 
the back is provided, as well as the 
endorsement and filling in of com- 
plete information on gummed sheets 
OPA R-120. 


Amendment 6 to Supplement 
effective July 1, establishes the valu 
of the unit value coupons on class 4 
5, and 6 coupon sheets at 10 gal 
50 gal, and 250 gal, respectively, fo 
period 1. 





>. =~ © est Ss. = se LT 


ss ey 


3 








(ee Se RE POS en shy 


oa ad 





William Goodman Gives Practical Data 
on the Use of Orifices and Manometers 


Ayre the pressure difference 
across an orifice has been measured 
by means of a manometer, the 
quantity of liquid flowing through 
the orifice can be computed by 
means of the following formula, 
which is obtained by multiplying 
by (60 X 7/4) equation 1 on p. 8 
of the American Society of Mechan- 
ical Engineers publication, Fluid 
Flow—1940: 

W=31.5 KD’ Vpd ........ [1] 
The value of p in this formula is 
the actual pressure difference in 
pounds per square inch across the 
orifice. The method of computing 
this pressure difference from the 
reading of the manometer is dis- 
cussed in a later section. 

The flow coefficient K of the ori- 
fice depends upon Reynolds number. 
Reynolds number is a composite 
number computed from the viscos- 
ity, density, and velocity of the 
fluid, and the diameter of the ori- 
fice. Regardless of the kind or form 
of the fluid—whether liquid, vapor, 
or gas—the value of the flow co- 
efficient K depends only upon the 
value of Reynolds number. No mat- 
ter how much the physical proper- 
ties of two fluids differ, if the con- 
ditions of flow are such that the 
Reynolds number is the same for 
each of them, the flow coefficient 
K of the orifice will be identical 
for both fluids. Consequently, the 
importance and convenience of 
Reynolds numbers in computing 
flow coefficients is readily apparent. 


Flow Coefficients 


The value of K, the flow coeffi- 
cient, is given for various Reynolds 
numbers and various size pipes in 
a series of charts on pp. 47 to 54 
inclusive of the ASME publication, 
Flow Measurement—1940. How- 
ever, in order to compute Reynolds 
number, the quantity of fluid flow- 


—— 


Copyright, 1943, by William Goodman. 


To avoid necessity of using trial 
and error methods when computing 
flow through an orifice, flow coeffi- 
cients K are plotted in Charts A to S 
against a —. Reynolds number, 
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ing through the orifice must firs’ be 
known. In other words, before ‘he 
value of K can be read from th» 
ASME charts, the quantity of ¢ vig 
flowing through the orifice mus’ bh» 
determined. But, as is evident fron 
equation 1 above, the quantit 
fluid cannot be determined u 
the value of K is known. H 
trial and error methods are ni es. 
sary when using the ASME chart: 
to determine from a measured } res. 
sure drop the quantity of fluid ‘low. 
ing through an orifice. 


To avoid the necessity of tria) 
and error methods when computing 
the flow through an orifice, the floy 
coefficients K have been plotted i; 
Charts A to S, inclusive, of this ar. 
ticle, against a modified Reynold: 
number, R,,. This modified Reynolds 
number can be computed without 
knowing the weight of fluid flowing 
through the orifice. The only quan. 
tity that need be known is the pres. 
sure drop across the orific 
measured by the manometer. This 
modified Reynolds number for ori- 
fices is similar to the method—pub- 
lished on p. 625 of the October 
1937, issue of Heating, Piping & 
Air Conditioning—of using modi- 
fied Reynolds numbers in conne- 
tion with piping flow problems. For 
a further discussion of these modi- 
fied Reynolds numbers for orifices 
see Alternative Forms of th 
Reynolds Numbers, by Ed. § 
Smith, Jr., p. 201, August, 1935 
issue of Instruments. 

The modified Reynolds number* t 
be used in determining the flow 





*Reynolds number may be writte: 


(see p. 627 of October 1937, HP 
AC): 
Ww 
Bp BI eo ccc ce ceees [a 
Du 


Eliminating W between [a] abov 
and equation 1 of the text, the follow- 
ing is obtained: 


>» /— 
R,= 11,940 K — / vd os aegy 





u 

Let ‘.. 
D ; 
R.~ = 11,940 —4/ pd . [¢] 
uV or 
This is equation 2 of the text. 5v> 

stituting fel into [b], 
R« = ee [d] 
K 

ind h 


Corresponding values of R, and 4 
were read from Figs. 34a to ‘6d 0 
the ASME publication, Fluid Flow— 
1940. (On the ASME figures. #, a 
marked R..) The values of F. plot 
ted in Charts A to S inclusive of ths 
article were then computed by mean 
of [d] above. 
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To avoid necessity of using trial 
and error methods when computing 
flow through an orifice, flow coeffi- 
cients K are plotted in Charts A to S 
against a modified Reynolds number, 


efficient K from Charts A to § in- 
clusive is computed by means of the 
following formula: . 


D 
Ry= noe —a/ MA sc aiek [2] 
Uu 


In addition to the Reynolds num- 
ber, the value of the flow coefficient 
K depends upon the ratio of the 
orifice diameter to the diameter of 
the inside of the pipe. This ratio, 
D/D,, is called the diameter ratio. 
The diameter ratio is important 
because included in the value of K 
is the correction for the velocity of 
the fluid approaching the orifice, 
and this correction depends only 
upon the diameter ratio. 


K and Pressure Tap Location 


Connections must be made from 
the manometer to pressure taps in 
the pipe line on either side of the 
orifice. The location of these pres- 
sure taps in relation to the orifice 
also affects the value of the coeffi- 
cient K. The values of K have been 
analyzed and standardized by the 
ASME for three different locations 
of the pressure taps in relation to 
the orifice. These three locations 
of the pressure taps are called 


FLOW COEFFICIENT, K 


0.70 





For Practical Men 


Although orifices have been used 





for many years, the data required for 
selecting and using them has not al- 
ways been generally available in a 
form suitable for the needs of prac- 
tical men. True, codes for making 
measurements of fluid flow are avail- 
able, but the arrangement and for- 
malized language of such codes has 
not lent itself to quick and ready use 
by these who have occasion to select 
and use orifices only occasionally. 


In the article of which this is the 
first part, the method of selecting 
proper combinations of orifices and 
manometers for measuring any type 
of fluid is given. In addition, this ar- 
ticle contains new and more conven- 
ient charts for determining the flow 
coefficient of an orifice for any fluid 
whether it be water, brine, steam, air, 
or any other. Finally, practical point- 
ers are given on the construction, in- 
stallation, and operation of orifices 
and manometers for metering almost 
any liquid, vapor, or gas. 


Mr. Goodman is consulting engi- 
neer, the Trane Co., and a member of 
HPAC’s board of consulting and con- 
tributing editors. 
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flange taps, vena contracta tes. 
and radius taps. 


The distinction between those 
taps and their location in relat oy 
to the orifice plate will be discus -eg 
in detail later. For the momen: jt 
is sufficient to be aware that the 
flow coefficient K has been deer. 
mined and standardized for these 
three types of taps. The value of 
the flow coefficient K is different 
for each type of tapping. Charts A 
to G inclusive are for flange taps 
for various size pipes; Charts H + 
O inclusive are for vena contract, 
taps; and Charts P to S inclusive 
are for radius taps. 


Use of Equations 


The following example illustrates 
the use of equations 1 and 2 for 
computing the quantity of fluid 
flowing through an orifice installed 
in a pipe line. 

Example 1: An orifice whose di- 
ameter is 1.534 in. is installed in a: 
in. standard weight steel pipe (5.068 
in. inside diameter). The density of 
the water is 62.3 lb per cu ft, and its 
viscosity is 1 centipoise. The pressur 
difference across the orifice is 6.67 psi 
and flange taps are used. Find the 
quantity of water flowing through the 
orifice. 


Solution: Using equation 2: 


1.534 / 
R. = 11,940 X — 4/681 xX 62.3 
1 


= 373,300 “i 
Diameter ratio of orifice, D/D; = 
1.534/3.068 — 0.5. 


Referring to Chart B, which is 
drawn for 3 in. pipe with flange taps, 
for a modified Reynolds number &. 
of 373,300 and for a diameter rat 
D/D, = 0.5, the value of K read from 
the chart is 0.626. Using equation | 
W= 31.5 X0.626 X (1.534)* V 6.67 * 62.3 

= 945.7 lb per min of water 

The quantity of liquid flowing is 
usually expressed in gallons per 
minute. The following equation can 
be used to convert weight to gal- 


lons. 


Example 2: Take the conditions © 
the preceding example and find th 
quantity of water flowing in gallons 
per minute. 

Solution: Substituting in equ 
tion 3: 


To avoid necessity of using tria! 
and error methods when computing 
flow through an orifice, flow coefli- 
cients K are plotted in Charts A to 5 
against a modified Reynolds number, 
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Symbols 


D = throat diameter of orifice in 
ae 2 i , 

D, = inside diameter o i in 
which orifice is installed, in.; 

d — density of fluid at pressure 
P ahead of orifice, Ib per cu 
ft; 

K = flow coefficient of orifice; 

p=pressure difference across 
orifice, psi; — 


R, = Reynolds number, — —. 


« Du 
~ == modified Reynolds number 
for selecting flow coefficients ; 
u=— viscosity of fluid flowing 
through orifice, centipoise; 
W—weight of fluid flowing 
through orifice, lb per min. 











945.7 


62.3 
= 113.5 gpm flowing through 
the orifice. 


How to Use Charts 


The dashed sections of the curves 
on some of Charts A to S represent 
extrapolated, not experimental, 
data. However, values of the flow 
coefficient K read from these sec- 
tions of the curves are sufficiently 
accurate for all practical purposes. 


Notice in Charts A to S that the 
value of the flow coefficient ap- 
proaches a constant value as 
Reynolds number increases. For 
larger Reynolds numbers than are 
shown on the charts, use the value 
of K corresponding to the largest 
value of Reynolds number shown 
on a given chart. 

Although charts are given for 
nearly all pipe sizes, occasionally it 
may be necessary to install an ori- 
fice in an intermediate size pipe for 
which no chart is given. For such 
an intermediate pipe size, inter- 
polate for values of K between the 
two nearest pipe sizes for which 
charts are given. 


When using standard weight 
steel pipe, use the chart for the cor- 
rect pipe size. However, for smooth 
pipe such as brass or copper, dis- 
regard the actual pipe size and se- 
lect the flow coefficient K from the 
chart for the largest pipe size 
shown for the particular pressure 
taps used. 

The viscosities of liquids and 
gases are practically independent 
of pressure, and vary only with the 
temperature. The viscosity of a 
saturated vapor such as steam 





Gpm = 7.48 X 
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varies with both temperature and 
pressure. The viscosities of many Tables. For convenience, three fig- 


different substances can be ob- 
tained from such reference books as 
Perry’s Chemical Engineers Hand- 
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book or the International Critical 


ures and a table showing some 
viscosity data will be published in 
a succeeding part of this article. 
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DESERT WARRIORS USE 
AIR CONDITIONING 


The story of how air conditi 
was called upon to help solve 


lems involved in desert warfare wos 


told recently by G. E. Weiss, of 
Engineering Corp., Carrier dea] 

During desert meneuvers i: 
tropic heat, with temperatures 
armored vehicles soaring to 120 | 
deg, U. S. Army officers were 
with the problem of severe heat 
tration calling for medica] trea 
for the troops “on the spot” in 
to obviate the possibility of fat: 

Considering the plausibility 
ing refrigerated trucks as “px 
hospitals,” it was found that 
trucks were not available in les 
six to eight weeks’ time and a 
body building firm estimated ¢ 
would take from three to four 
to alter available standard Army : 
ing van trailers for the part 
purpose. 

As a last resort, the two ava 
Army moving vans were brought | 
the Gay yard. Truck refrig: 


units were installed, and the van: 


were back on the road in fiv 
The work included removal 

roof to allow for insulation; 

the walls and providing complete i: 
sulation for all sections of each of th 
two trailers, including walls, roof a 
floor; and constructing two complet 
insulated steel refrigeration doors f 
the back section. A complete tr 
refrigeration unit was _ installed 
each of the vans, with the compress 
suspended underneath the chassis 
addition to serving the air condit 
ing system, the refrigerating 
supplies chilled water to a storag 
tank used in treatment of heat p: 
tration. 

The duty of the refrigeratior 
tem is, first, to maintain a te 
ture within the trailers of not 
cess of 68 F, and second, to maintait 
a water temperature in a tank 
taining 150 gal of not in excess 
40 F. In addition to the refrigerati! 
and air conditioning system, eac! 
the trailers was equipped with a su 
gical cabinet and copper sink wit 
water connections and drain, a sh 
metal tub of sufficient size 
pletely immerse a man, steel st: 
supports to accommodate six stret 
ers, and a special spotlight fo: 
in the performance of any surg 
work that might be required 

In use as portable air cor 
receiving stations in which 
men in the field suffering fron 
stroke and heat exhaustion, th 
quickly proved their worth. A lette! 
from the major genera] in comma! 


of the training center stated: “T! 
workmanlike construction of 
modeling and _ installation 
equipment are excellent in « 
tail and the two units have bee! 
placed in immediate service and a 
rapidly proving their value.” 
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Designing Warship Ventilation 


with 


Standardized Equipment 


Cae 


By Thomas H. Urdahl, Comdr., USNR, Officer-in-Charge, 


t Air Cond. Section, Shipbuilding Div., Bureau of Ships, 


a iaivanat h cacalecen 


A PREVIOUS discussion of the 
‘merits of standardized heating and 
lventilating equipment for fighting 
Hchips, published in the July HPAC, 
Sonly indirectly emphasized the 
Neffect of standardization upon de- 
Nsign and the simplification of the 
"work of the designer. Too much 
emphasis cannot be placed upon the 
fact that standardized equipment 
not only simplifies the designer’s 
problem but it insures accuracy in 
the final installation which is not 
possible without exact foreknowl- 
edge of dimensions, characteristics, 
weights, and capacities of the 
equipment which will be installed, 
hus enhancing the exercise of en- 
gineering judgment applied to a 
given problem. 


Too Liberal Safety Factors 


Ca 










































The traditional method of equip- 
ent procurement for naval ves- 
els was to specify the required 
characteristics to be met by the 
product offered by the successful 
bidder. Naval service usually re- 
juires specialized materials, and 
his seems to have fostered the be- 
ief that so long as the materials 
bf a standard manufactured article 
ad to be changed, performance 
haracteristics could also be altered 
with little difficulty, and specifica- 
ions were developed to require 
quipment to fit a specified design 
‘ith elaborate tests of each unit to 
ssure compliance with the mini- 
mum requirements. 

Actually, manufacturers did not 
esign special equipment to fit each 
aval unit, but selected designs 
rom their own standardized line 
0 satisfy the requirements. The 
Pecifications were usually for 
minimum values, and as the tests 
fre severe the suppliers tended to 


become quite conservative, with the 
result that liberal safety factors 
were usually incorporated. This 
factor, together with the general 
practice of selecting equipment 
from the manufacturer’s line, re- 
sulted in the installation of over- 
sized equipment and the consequent 
undesirable increase in weight, 
space, and power requirements. 

This type of specification and 
procurement relieved the designer 
of responsibility for equipment per- 
formance. Bids for equipment were 
advertised only after the basic de- 
sign was completed, and the de- 
signer had no way of determining 
who the supplier would be or what 
characteristics the equipment might 
have. Accordingly, the design was 
developed with complete disregard 
for the equipment characteristics, 
with the hope that the ultimate 
equipment selection—usually made 
by the successful bidder — would 
somehow be satisfactory. 

An attempt was made some years 
ago partially to standardize ven- 
tilation fans. This was done pri- 
marily for procurement reasons, 
as the normal method required so 
much time that ventilation fans 
often held up construction even in 
the comparatively leisurely pre- 
war period. Fans of various capa- 
cities were purchased from various 
manufacturers for stock under the 
requirement that they should de- 
liver their rated capacity at 2.0 in. 
WG static pressure. This resulted 
in all systems being designed for 
2 in. static pressure loss regardless 
of the system length or type of 
service. This low pressure loss re- 
quired large ducts and genefous 
cuts in protective or strength struc- 
ture for the longer systems. These 
requirements were reflected in the 
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Navy Dept., and W. C. Whittlesey, Senior Engineer, Air 
Cond. Section, Shipbuilding Div., the Bureau of Ships 


general arrangements of the ves- 
sels, and the difficulties in finding 
space and the reluctance to allow 
large structural cuts tended to min- 
imize the quantity of ventilation, 
and resulted in exploiting the ac- 
cess arrangements to the maximum 
extent for natural ventilation - 
particularly in connection with ex- 
haust provisions. This expedient 
was generally’ satisfactory for 
peacetime operation, but wartime 
cruising requires the access to be 
kept closed for compartmentation, 
which has 
alterations on vessels designed in 
this manner. 


necessitated extensive 


Fan Noise Problem 


At the start of the new building 
program in the early 30’s it became 
evident that space allotments for 
ventilation would have to be re- 
duced, and the design procedure 
reverted to the traditional practice 
of designing systems without re- 





Effects Economies 


In the July issue of Heating, 
Piping & Air Conditioning, Comdr. 
Urdahl and Lt. John Everetts, Jr., 
stressed the importance of the 
Navy's standardization program, 
giving the reasons for it and show- 
ing its application to various items 
of heating, ventilating, and air con- 
ditioning equipment. This month, 
Comdr. Urdahl and Mr. Whittlesey 
discuss the advantages of stand- 
ardization of equipment from the 
designer's viewpoint, showing how 
it simplifies the design problem 
and insures accuracy of the final 
installation. 

Factual knowledge of equipment 
characteristics enables the de- 
signer to effect economies that 
were never possible without relia- 
ble performance information and 
a procurement procedure that as- 
sures compliance with the estab- 
lished standards, the authors con- 
clude. 
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gard for the available equipment. 
The industry supplied fans to sat- 
isfy the volume and pressure speci- 
fications, but the noise character- 
istics were more reminiscent of a 
fire siren than a ventilation blower. 
This noise situation became so 
acute that it interfered with navi- 
gation, battle problems, and the 
rest and sleep of personnel. 

The noise problem eventually led 
to the development of satisfactory 
fans by several manufacturers, but 
this improvement had little effect 
on the design policy except to per- 
mit the use of high static pres- 
sures. If anything, this change 
complicated the situation inasmuch 
as the range of pressures in com- 
mon use was extended and, conse- 
quently, each manufacturer had to 
expand the line from which many 
fans were chosen, thus increasing 
the number of fan sizes required 
for a given ship. In an effort to 
reduce the number of fan sizes, 
larger discrepancies were accepted 
between the required fan character- 
istics and the actual fan perform- 
ance which tended further to un- 
balance the design. 


Advantage of Designing for 
Available Equipment 


Preliminary studies of the stand- 
ardization problem with a view to 
reducing the number of fan sizes 
demonstrated that considerable 
savings would be possible if duct 
systems were designed to the actual 
fan characteristics. The advantages 
of designing for the available equip- 
ment can be demonstrated by a 
simple example. Fig. 1 shows a 
diagrammatic arrangement of a 
system for which duct sizes are to 
be selected. One method in common 
use is to design the system for 0.01 
in. loss per foot of duct. This 
method, together with the nominal 
loss of 0.6 in., through both heat- 
ers, would require a 14 in. duct and 
a fan rated at 3000 cfm at 2.52 in. 
The closest available standard fan 
supplies 3000 cfm at 3.30 in., and 
standard heaters to satisfy the 
temperature requirements would re- 
quire a total of 0.42 in. instead of 


On Fig. 1,C = pressure loss 
in equivalent diameter, L,. 

total equivalent length, 
L, = total length in straight 
pipe, D = diometer of largest 
pipe. 





0.60 in. By designing this system 
to suit the standard fan (3000 at 
3.30 in.), and making allowance for 
the actual heater loss (0.42 in.) the 
main duct diameter could be re- 
duced to 13 in. This would permit 
a weight reduction of about 15 per 
cent for ducts and duct fittings 
(such as watertight closures). 

Failure to consider equipment 
characteristics can also throw a 
system out of balance. For exam- 
ple, the proper standard heater for 
branch A required only 0.11 in. 
pressure loss, although the heater 
for branch B required 0.27 in. loss. 
If both of these branches were 
sized for the nominal heater re- 
sistance of 0.20 in., branch A would 
be 9 in. and branch B would be 11 
in. However, because of the actual 
difference in heater losses, these 
branches would deliver about 1500 
cfm each instead of the required 
quantities. Branch A_ should be 
8% in. and branch B 12 in. for 
proper balance, but to arrive at 
these sizes the equipment perform- 
ance must be considered. 

One design was investigated dur- 
ing the standardization studies that 
used 37 fan sizes for 153 ventila- 
tion systems. It was found that 
slight changes in duct design that 
would have resulted from consid- 
eration of fan characteristics, would 
reduce the number of fan sizes to 
eight—a potential reduction of 29 
sizes. Thus, designing a system to 
suit the equipment characteristics 
not only results in better arrange- 
ments but also simplifies the pro- 
curement processes and reduces the 
cost by permitting mass production 
of superior standardized articles. 

The standardization of ventila- 
tion equipment other than fans— 
such as air coolers, heaters, ter- 
minals, and other fittings — will 
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show similar savings as soon ; 
designers alter their method o° ap 
proach to consider the char: cte; 
istics of the available equipm: 
the preliminary layout stages. 7} 
is a departure from orthodox pr, 
tice for many who have alway) 

to make layouts without kn 

the equipment performance. [Joy 
ever, regardless of the sta 
development a design may 
standardized products will 

the designer to know the per/orr 
ance characteristics regard: 
who the supplier may be, : 

can incorporate the equipmé 
lection in his design. 













































Control Over Safety Factors 


The selection of equipm: 
the designer also gives him 
over the safety factors. W} 
equipment must be chosen by 
unfamiliar with the basic probler 
there is a conservative tende: 
that almost inevitably res 
oversized selections. This p 
almost universally acceptable t 
spectors who think in terms 
minimum requirements, alt 
there are many cases wher 
capacity causes trouble. 

For example, the exhaust ver 
tion for hot compartments is «& 
signed to be in excess of the sup; 
in order to maintain an 
through the access, and thus pr 
vent hot air from entering 
overheating contiguous spaces 
the supply fans are chosen witht 
liberal a safety factor, they n 
overcome the designed different 
and actually deliver more air thar 
the exhaust fans can handle, w! 
produces an outdraft of hot air th 
overheats the adjacent country 
might be expedient to add that ths 
example is not an academic hyp 
thesis but, unfortunately, is : 


i 
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ondition that is frequently encoun- 
ered.) The intelligent application 
¢ standardized equipment by the 


* 
z 
r 
7 


infiiddesicner will eliminate such con- 


Saditions. 


£ 
.F 

> i Procurement of Equipment 
: 


The procurement of equipment is 
S.iso a major factor in design, and 
Sany expedient that will assure the 

wailability of the necessary fittings 
‘3 a vital aid. There is no object 
Sin developing a design — however 


# 


perfect —if the necessary equip- 
ment cannot be obtained. Stand- 
ardization is particularly important 
for repair and alteration items 
when time is limited and manufac- 
turing facilities are distant. Even 
if equipment stocks are not avail- 
able, standardization permits rob- 
bing a ship in for extended overhaul 
to repair minor damage on another 
vessel in order to return it to im- 
mediate combat duty. 

Equipment standardization is not 





only the key to material procure- 
ment, but is also the medium by 
which the designer can improve his 
layouts and accurately control ulti- 
mate shipboard performance. The 
factual knowledge of equipment 
characteristics enables him to ef- 
fect design economies that were 
never possible without reliable per- 
formance information and a pro- 
curement procedure that assures 
compliance with the 
standards. 


established 


Air Conditioning a Tool 
. of the Testing Engineer 


A 
N AIR conditioned laboratory 


Mor testing the strength of engi- 
eering materials is a relatively 
ew requirement. With metals and 
many other building materials, 
small variations in temperature 
ave little effect upon the results 
yf mechanical tests and, for most 
naterials, variations in humidity 
ave no measureable effect. One 
motable exception is that of wood; 
he moisture content of wood must 
be accurately maintained if signifi- 
ant test results are desired. The 
pew class of materials known com- 
mercially as plastics has brought to 
he materials testing engineer in- 
mreased difficulties, however, be- 
ause in the testing of plastics 
here are a number of variables 
hich are of extreme importance. 
he three most important of these 
ariables are temperature, relative 
humidity, and speed of testing. 


Plastics Classified by Their 
Reaction to Heat 


Plastics are commonly classified 
hto two groups according to their 
faction to heat. The first group, 
led thermoplastics, can be re- 
tatedly softened on heating and 
ardened on cooling. .The second 
roup, thermosetting materials, un- 
rgoes a chemical change under 
tat and pressure which causes the 
ial to become permanently 
“and infusable. As might be 
xpected, thermoplastic materials 
re much more sensitive to small 
aahges in temperature than ther- 
setting materials. 


Temperature, Humidity and Testing Speed Most 
Important Variables in Testing Plastics, Says 
William N. Findley. Associate in Theoretical 
and Applied Mechanics, University of [Illinois 


The effect of temperature changes 
on the mechanical properties of a 
thermosetting material, methy] me- 
thacrylate, under both tension and 
compression loads has been shown 
by W. F. Bartoe [see Mechanical 
Engineering, Vol. 61, No. 12, De- 
cember, 1939]. A change from 
68 to 86 F resulted in about 15 
per cent decrease in yield point in 


tension and about 17 per cent de- 
crease in yield point in compres- 
sion. The effect of changes in 
temperature on the mechanical 
properties of thermosetting mate- 
rials, while less pronounced than 
for thermoplastics, is still impor- 
tant. A study of the effect of tem- 
perature on the strength properties 
of different phenolic molding com- 


Creep testing of plastics 
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positions was contained in a paper 
by Carswell, Telfair, and Haslanger 
[see Modern Plastics, Vol. 19, No. 
ll, July, 1942]. With these mate- 
rials a change from 68 to 86 F 
resulted in a decrease in ultimate 
tensile strength of about 4 per 
cent. 


Effect of Moisture Content 
Changes 


The effect of changes in moisture 
content has been studied at the 
University of Illinois. In one series 
of tests, two groups of compression 
specimens of cellulose acetate (a 
thermoplastic) were subjected to 
two different humidity conditions. 
One group was placed in a calcium 
chloride desiccator for 48 hr and 
another group was immersed in 
water for a like period. Following 
this treatment specimens were 
tested in compression at intervals 
of time for about 13 months in a 
room maintained at a_ constant 
temperature of 77 F and constant 
relative humidity of 50 per cent. 

The yield point as obtained from 
these tests was plotted against the 
duration of time after the humidity 
treatment. It was noticed that the 
dried specimens were about 50 per 
cent stronger than the wet speci- 
mens immediately after the drying 
or wetting treatment, and that 
about 500 hr (three weeks) was 
required for the two groups of 
samples to approach equilibrium in 
an atmosphere maintained at a 





Why and How 


In the testing of plastics, there 
are a number of variables which 
are of extreme importance—the 
most important are temperature, 
relative humidity, and _ testing 
speed. Thus, the testing engineer 
studying plastics must employ air 
conditioning as one of his tools. 

Mechanical tests of plastics 
have been conducted at the Uni- 
versity of Illinois for the past 
three years, as part of the work 
of the engineering experiment 
station in the department of theo- 
retical and applied mechanics. Mr. 
Findley tells here why tempera- 
ture and humidity control is 
needed and how it is accomplished. 











constant temperature of 77 F and 
a constant relative humidity of 50 
per cent. 

Some thermoplastic materials 
are, however, quite insensitive to 
changes in humidity. Polystrene 
and methyl-methacrylate resins are 
examples of materials having rela- 
tively low response to changes in 
humidity. Thermosetting materials 
show effects similar to cellulose 
acetate. 


Air Conditioned Laboratory 


For the past three years mechan- 
ical tests of plastics have been 
conducted at the University of 
Illinois as a part of the work of 
the engineering experiment station 
in the department of theoretical 
and applied mechanics. An air con- 
ditioned plastics testing room was 
built in Talbot laboratory. This 


Fatigue testing of plastics 
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room has about 200 sq ft of * oo, 
space and contains a creep rack fo, 
creep tests of 30 specimens; six 
fatigue testing machines; a om. 
bination tension, compression, an 
torsion testing machine for stati, 
tests; an impact testing machine: 
experimental equipment for re. 
peated impact testing; a lathe 
an analytical balance —a_ rathe 
crowded laboratory. 

Some of the tests are of long 
duration, particularly the ee] 
tests and fatigue tests. Creep test: 
have been conducted continuous 
over a period of 18 mont! 
fatigue test of a single specime 
may last for as long as one mont} 2 
Thus it is apparent that tl 
conditioning equipment mus 
capable of maintaining co: 
temperature under all atmosp! 
conditions the year around a: 
avoid interruption of the temp 
ture and humidity during tests 
equipment must be fully automa: 

In order to provide constant ter 
perature and constant relativ 
midity the year around, ther 
four components which must 
controlled—heating, cooling, humi 
ifying, and dehumidifying. In t! 
laboratory, heating and cooling a: 
controlled by a two stage thern 
stat. Electric strip heaters 
used for heat and a “Freon”’ ref 
eration system for cooling. | 
midification is accomplished 
means of a water spray contr 
by a solenoid valve. Dehumidifi 
tion is handled by condensatior 
the evaporator of the refrigerat 
system. 

By this method, both humidifica- 
tion and dehumidification requi 
reheating of the air. This is take 
care of automatically by the th 
mostat. Since the refrigerat! 
system is used both for cooling a! 
dehumidifying, rehumidification 
occasionally required. This 
tion is automatically controlled 
the humidistat. 

In order to avoid excessi' 























ing of opposing cycles of oper 
tion, a thermo-time delay swit: 
used to introduce a delay of a! 


5 min between demand and sup! 
on both the humidification and 
dehumidification cycles. 

Air distribution, a difficult pro’ 
lem in a crowded laboratory, 
handled with reasonably satisia& 
tory results by the use of desk 
circulating fans. 











sad 
r 
st, 194 








1895 


his The Fiftieth Annual Meeting of the Society will 
are Erbe held at Hotel Pennsylvania, New York, January 
no- [lB1, February 1 and 2, 1944. This will be an occa- 
are Megion for honoring its founders and those charter 
-ig- embers who are still alive. 

Hu: It was in 1894 that a small group of nationally 
by nown engineers, educators and manufacturers met 
0 organize the ASHVE for the purpose of improv- 
ng the art through the interchange of ideas, and 
imulation of scientific research and invention. 
\ preliminary meeting attended by 15 men was 
eld August 2, 1894 at the World Building and on 
september 10,75 men met at the Broadway-Central 
otel and elected officers to serve until the First 
nnual Meeting January 22-24, 1895. 

These men realized the basic importance of heat- 
g and ventilating as a primary element in the 
ell being of civilized mankind. They knew that 
ne methods and equipment of their day could be 
proved even beyond their own vision. They fore- 
aw the need of research and one of the first acts 
f the newly organized Society was to establish a 
ommittee on Standards. It was J. J. Wilson who 
hade the first suggestion that the Society establish 
research or testing laboratory. That the charter 
hembers had great faith in their enterprise is evi- 
ent in the discussions at the first Annual Meeting, 
ithough little did they dream that progress would 
¢ so rapid in their profession. 
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| Fiftieth 


During the intervening years since that little 
group of 75 pioneers unfurled the banner of THE 
AMERICAN SOCIETY OF HEATING AND VENTILATING 
ENGINEERS—3,100 of the real leaders of thought 
and action in heating, ventilating, and air condi- 
tioning have gathered about that standard and 
carried it proudly before them far along the way 
of real accomplishment. They may be identified 
among engineering groups by the distinctive em- 
blem which was adopted by the charter members. 

For the 50th Annual Meeting the Meetings Com- 
mittee is planning a special program that will deal 
with the past, present and future. 


The New York Chapter of the Society as hosts 
for the occasion feels the full responsibility of its 
role, and arrangements for the meeting will be 
handled by a special committee of which Alfred J. 
Offner, consulting engineer, is General Chairman. 
Vice-Chairmen are: R. H. Carpenter, J. C. Fitts, 
W. E. Heibel, C. S. Koehler, Capt. A. E. Stacey, Jr., 
and R. A. Wasson, President of New York Chapter, 
ex-officio. 





The chairmen of the committees in charge of the 
special events are as follows: Alfred Engle, Ban- 
quet; H. S. Wheller, Hospitality; W. M. Heebner. 
Finance; A. C. Buensod, Special Events: Mr. and 
Mrs. H. J. Ryan, Ladies; C. S. Pabst, Inspections: 
R. V. Sawhill, Publicity ; and E. J. Ritchie, Sessions. 


A GREATER FUTURE 
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Performance of a Residential Pane! 
Heating System 


By H. F. Randolph* and J. B. Wallace,{ Utica, N. Y. 


T ne OBJECTS of this investiga- 
tion were to compare calculated re- 
quirements of a panel heating system 
using warm air as the heating me- 
dium and ceiling panels as radiators, 
with actual operating requirements 
and to observe the environment pro- 
duced by such a system under both 
constant and intermittent operation. 


Equipment and Limitation of Use 


In March 1941 the erection of a 
typical two-story and basement eight- 
room frame house (Figs. 1 and 2) 
was completed in Utica, N. Y. The 
heat loss at an 80 F temperature 
differential was calculated as 44,468 
Btu, exclusive of a 12 ft 6 in. x 23 ft 
6 in. basement game room and the 
garage, and 54,277 Btu including the 
game room. The total floor area of 
the heated space, including the game 
room, was 1735 sq ft and the volume 
13,052 cu ft and 1442 sq ft and 10,996 
cu ft excluding the game room. The 
exterior wall construction consisted 
of wood siding on 25/32 in. fiber 
sheathing board, 2 in. x 4 in. studs, 
rock lath and plaster. Between the 
studs, with air space on either side, 
were placed 2 in. thick bats of balsa 
wool within vapor seals of asphalt 
impregnated paper. Between the sec- 
ond floor ceiling joists were placed 
4 in. thick bats of rock wool with 
vapor barrier on the under surface. 

All windows and doors were weather 
stripped. Storm doors and windows 
were used except on the maid’s room 
and lavatory windows and the front 
door. 

The maid’s room was constructed 
under a sun deck and over a 12 in. 
excavation below the floor, the area 
way leading from the excavation to 
the main part of the basement being 
closed during all tests. The floor of 
the maid’s room consisted of joists, 
sub-floor, % in. plywood and linoleum 
with no insulation. The four walls, 
floor and ceiling of the bath room, 
and floor and two walls of the kitchen 
were covered with linoleum. 

The house, with no other structure 
or trees closer than 200 ft and un- 
furnished and unoccupied, was af- 
fected to a greater degree by solar 
radiation than if protected externally 
and having the windows fitted with 
shades and curtains or draperies. 


During one period of observation, on 

*Vice-President, International Heater 
Co. Member of ASHVE. 

tResearch Engineer, 
Heater Co. 

Presented at the Semi-Annual Meeting 
of the American Society of Heating and 
Ventilating Engineers, Pittsburgh, Pa., 
June, 1943. 
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SUMMARY —A residential heating 
system using a warm air ceiling panel 
is described. Observations are re- 
ported for constant and intermittent 
operation. The calculated panel size 
based on heat loss of building met the 
observed requirements. Comfort condi- 
tions were maintained, without alter- 
ing the thermostat setting, through a 
wide range of fluctuation of outdoor 
temperatures, due to narrow limits 
within which mean radiant tempera- 
ture was maintained. The tempera- 
ture of floors above the basement in- 
creased as the outdoor temperature 
dropped and was higher than the tem- 
perature of the air above the floor. 


a clear bright day, the thermostat 
became satisfied at 6:48 a.m. when 
the outdoor temperature was 15 F 
and did not again call for heat until 
2:49 p.m. when the outdoor tempera- 
ture was 30 F. During that period 
of seven hours, effect of solar radia- 
tion through windows of the dining 
and living rooms satisfied the ther- 
mostat while the temperature at the 
30 in. level in the bath room, which 
was unaffected by direct sunshine, 
dropped from 70 F to 65 F. 

Because of such solar effect all 
tests reported in this paper, unless 
otherwise noted, were made at night 
starting at least three hours after 
sun-down, without lights or other 
source of heat above the basement 
than from the heating system. 

After the first few observations the 
game room was omitted from test 
readings as, while in severe weather 
its temperature would reach equili- 
brium with the balance of the house, 
in mild weather it would be under- 
heated. This apparently was due to 
the ground temperature adjacent to 


Fig. 1—House 
in Utica, N. Y., 
where ceiling 
panel heating 
studies were 
conducted 
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the three exposed walls of th 
room being more constant t! 
air temperature above ground, 
ing in a proportionately high 
loss from the game room 
weather moderated. 

Although temperatures in th, 
eality of this house often dro; 
—25 F no weather colder th 


was experienced during early 1% 


or during the 1941-42 heating 
when the tests herein report 
made. 


Heating System and Method 
of Control 


The heating panels wer 
structed by stripping, with asbes 
tape, the lower edges of ceilin; 
and attaching thereto sheets 
gage galvanized iron which were a 
formed down the four walls ot 
room a distance of 2% in. Ur 


these sheets and to the joists w 


attached sheet metal U clips th: 


which were passed 2% in. sheet met 


strips to act as guides for th 


Through perforations in the clips ar 


strips were passed wires by m 
of which metal lath was suspend 
Conventional plaster was app! 
Thus a 2% 
plaster ceiling was provided. 
Introduction of the air to 


panel (Fig. 2) was made adjacent t 


an exposed wall so that the war 
part of each panel was directly 
the area of greatest heat loss 
Heat was supplied by a gas fi 
hot water boiler connected 


supply side through a flow contr 


valve to a copper heat exchanger a 
back to the boiler through a cir 
lator (Fig. 3). The exchanger 





in, air space above t 
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a 14 in. squirrel cage blower were 
installed in a galvanized iron duct 
system with one supply and one re- 
turn riser to each ceiling panel so 
that the air was circulated in a closed 
eystem over the exchanger through 
the ducts to the panels and returned, 
with none of the air being projected 
into the living quarters of the house. 
The boiler-exchanger combination was 
used, rather than a direct fired unit, 
merely to provide a flexible means of 
controlling air temperature for test 
purposes. 

From the basement trunk lines 
10x3%, 12x3% and 14x3% _ riser 
stacks were run to and from the 
various panels. One supply riser and 
ene return riser were run to each 
room except the bath and second floor 
hall in which two rooms were heated 
from one set of risers. Balancing 
dampers were installed in the base- 
ment piping, and control dampers in 

return riser from each bedroom 
provide means within the room for 
shutting off the source of heat. 

\ conventional heat anticipating 
thermostat was installed at the 5 ft 
level on the west wall of the dining 
room, wired through a relay to the 
motors driving the blower and water 
circulator. The gas burner was con- 
trolled by an aquastat immersed in 
the water of the boiler. 

Upon a call for heat by the thermo- 


{ 


j stat the blower and circulator started 
= simultaneously, delivering the warmed 
™ air to the panels, and on a 10 F drop 
in water temperature within the 
m boile the gas burner started, con- 
™ tinuing to run until the 10 F had 
m been restored. Upon satisfaction of 
m® the thermostat the blower and cir- 
® culator stopped. 
; Instrumentation 
= During construction of the house 
= 176 24-gage copper constantan ther- 













mocouples were installed as follows: 

21 in seven groups of three each 
for exposed walls gradients at 6 ft 
and 16 ft levels above grade on the 
south, east, and north walls and at 
the 16 ft level of the west walls one 
of each group embedded in the 
plaster; one on the outer face of the 


= <a : ee 






Fig. 3—View of boiler, blower, and heat exchanger 
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First FLOoR PLAN 


Fig. 2—Floor plan showing heating 
panel arrangement 


insulation and one embedded in the 
siding. 

33 in 11 groups of three each for 
ambient readings located at different 
levels for different tests. One 3 in. 
or 6 in. above the floor, one at the 
30 in. or 60 in. level and one 38 in. 
or 6 in. below the ceiling in each 
room except the lavatory. No thermo- 
couples were shielded. 

50 in 10 groups of five each em 
bedded in the ceiling plaster for heat- 
ing panel readings. One 15 in. from 
each corner of each panel and one 
in the center of each panel. 

45 in nine groups of five each em- 
bedded in the finish floor for floor 
readings. One 15 in. from each cor- 
ner of the room and one in the cente1 
of the room. No floor thermocouples 
were installed in the northeast bed- 
room. 

24 in 12 groups, one at the entrance 
to and one at the discharge from each 
panel for readings of the inlet and 
discharge air temperatures. 

3 embedded in the plaster of the 
north wall of living room at the 5 ft 
level, one opposite a supply riser, ons 
opposite a return riser and one with 
no riser behind. 

All thermocouples were connected 
to a central switchboard and potentio- 





meter located in the 
4). A four point 
mometer was used for 

records of ambient readings in the 
three bedrooms and bath on the se 


ond floor. 


basement (Fig. 
recording ther 
continuou 


Test Observations 


(ont ol Syste m 


When the house was erected it wa 
anticipated that, with intermittent 
operation of the heating system, the 
thermal storage capacity of the wir 
lath and % in. 
the ceiling panels might be of a mag 
nitude that would result in objectior 
able temperature within 
the living quarters. To 


plaster comprising 


fluctuations 
determing 
this, observations were made over a 
thermo 


period of 12 hours with thé 


stat set at 70 F and with readings 


taken at the 5 ft level every 30 
min, and 6 in. above the floor and 6 
in. below the ceiling every two hour 

in the ten rooms of the first and 
second floors. The outdoor tempera- 


ture averaged 12 F. 

During the 12-hour period there 
were 26 cycles of operation totaling 
38 hours 49 min. The average of the 
on periods was 8.8 min and of the off 
periods, 17.6 min. 

The average of all readings 6 in 
above the floor (Fig. 5) was 67.5 F 
and the maximum variation below 
this was 0.6 F and above, 0.4 F. The 
average of all readings at the 5 ft 
level was 70.7 F and the maximum 
variation below this was 0.7 F and 
above, 0.4 F. The average of all read 
ings 6 in. below the ceiling was 72.0 
F and the maximum variation below 
this was 0.4 F and above, 0.3 F. 

As these observations did not indi- 
cate any objectionable temperature 
fluctuations, and because of the physi- 
cal impossibility of recording read- 
ings frequently enough at all stations 
to obtain the temperatures at the 
exact times the thermostat called for 
heat and became satisfied, a test was 
made at a 30 F outdoor temperature 
of one room only. Readings were 
taken in the living room 3 in. and 
30 in. above the floor and 3 in. below 
the ceiling at the moment the ther- 





Fig. 4—View of switchboard and potentiometer 
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mostat called for heat and blower 
started and at the moment of thermo- 
stat satisfaction when the blower 
stopped. The test was conducted 
through a period of five cycles of 
system operation from 10 p.m. to 
2 a.m. The average of the on periods 
was 7.3 min and the average of the 
off periods 33 min. 

During the test period the greatest 
temperature variation at any one 
point was 1 F and the average tem- 
peratures at the beginning of the 
on period were 0.2 F higher than at 
the end of the on period. This result, 
being the reverse of expectancy, in- 
dicated the thermostat was affected 
by radiation and stopped the source 
of heat before the thermocouples reg- 
istered a temperature rise and that 
subsequent heat dissipation from the 
panel resulted in an increase in air 
temperature during the off period. 

To compare this intermittent oper- 
ation with the possible over-heating 
effect of a prolonged period of opera- 
tion the house was cooled, on a day 
when the outdoor temperature was 
16 F, to an average ceiling tempera- 
ture of 60 F, floor of 59 F, inside 
wall 56 F, exposed wall 54 F and 
30 in. level of 55 F. 

At 12:20 a.m. the heating system 
was started and continued in opera- 
tion for 4 hours and 25 min before 
the thermostat became satisfied. Dur- 
ing that time the average tempera- 
ture of the air leaving the exchanger 
in the basement was 130 F, entering 
the panels 123 F and leaving the 
panels 85.4 F, these latter two figures 
being the average of 120 readings. 
The air temperature drop per lineal 
foot of duct averaged 0.22 F, and the 
air temperature drop through the 
panels averaged 37.6 F. 

For a period of 50 min after ther- 
mostat satisfaction the temperature 





Temperatures in degrees F 
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Fig. 6—Surface and air temperature curves 
during period of heating after house had 


been cooled 
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Fig. 5—Graphic log of average tem- 

peratures at three levels with inter- 

mittent operation. Outdoor tempera- 
ture, 12 F 


of the air and all surfaces of the 
room continued to rise with the ex- 
ception of the ceiling which cooled 
rapidly. In Fig. 6 these temperatures 
and the calculated British equivalent 
temperature are plotted against time. 
During the 50-min temperature rise 
subsequent to the heat source being 
stopped the calculated British equiv- 
alent temperature rose only 1.8 F 
and during the succeeding 60 min fell 
to a value closely approximating that 
at which the thermostat became sat- 
isfied and at which heat was again 
required. Air temperatures at the 
3 in. and 30 in. levels were higher 
at 6:35, at the beginning of an on 
period than at 4:45, the beginning 
of the off period. 

The temperature variation during 
all of these periods of observation 
was such that it was not deemed nec- 
essary to use a more elaborate con- 
trol system so as to provide constant 
operation with the temperature of the 
heating medium regulated inversely 
with the outdoor temperature. 


Panel Temperatures 


Examples of calculating radiant 
heating are given in ASHVE Guide’ 
which indicate agreement between 
two different methods. In one 
example the panel area and 
temperature required to main- 
tain a 71 F mean radiant 


‘Heating Ventilating Air Condi- 
tioning Guide 1943, Chapter 45, Ra- 
diant Heating. 
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Fig. 7—Curves of observed 
and calculated panel tem- 
peratures 


temperature is computed from 
difference between the total 
ation of all interior surfac 
71 F, and the total radiation of 
surfaces at their calculated o; 
sumed temperatures, with an j 


temperature of 65 F and 0 F ) 


doors. In another example th« 
loss of the same room is con 
in the conventional manner a 
ing to The Guide 1943, Chap: 
Heating Load. The British t} 
unit requirements in both cas 
approximately the same. 


If the room used in these exa 
were partitioned into two roon 


the 





British thermal unit requirements j; 


the first example would be increas 


by the amount necessary to co 


sate for the difference in radiatic, 


from both sides of this partit 
its desired temperature of 71 | 
assumed temperature of 60 F. 
would be no increase in the B 
thermal unit requirements con 
by the second method as the | 
tion would create no additional! | 
loss. 


Applying the first method « 


culation to this particular house ¢t} 


total heat emission from all inte: 


surfaces, exclusive of the game roo 


as shown in Table 1, was 


Btu per hour, equivalent to a mear 
radiant temperature of 61.8 F with 


emissivity of 0.94. 


The inside surface temperatu: 
were developed as follows: Outsic 
wall, glass and exposed floor fron 
Fig. 7, p. 810 of The Guide 194 
Inside wall was assumed to be r 
lower than the exposed wall, although 
footnote with Table 3, p. 812 of The 
Guide 1943 assumes a_ temperatur 
for such a surface as 60 F which 
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Fig. 8—Temperature gra- 
dient in living room. Out- 
door temperature, 30 I 
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able 1—House data for calculating panel temperature based on 65 F inside air; 
71 MRT; 15 mph wind; —10 F outside temperature 























ci Estimated Heat Total 
Inside Surface Emis- Emission Heat 

Area ——-- sivity Btu perSq Ft Emission 

Surface Sq Ft U gF e per Hr Btu per Hr 
nested Tt eeenseas 1254 0.083 62 0.95 121.4 152,236 
Outside, Mele cilask oe 18 1.13 16 0.90 79.6 3,821 
Glass. Double Seas 262 0.75 32 0.90 90.9 23,816 
inside Wall .......... 2058 — 62 0.95 121.4 249,841 
Unexposed Ceiling ... 641 —- 67 0.95 125.9 80,702 
Exposed Ceiling ..... S48 0.065 67 0.95 125.9 106,763 
Exposed Floor .....-- 118 0.294 52 0.93 110.1 12,992 
Unexposed Floor...... 1260 — 60 0.93 117.1 147,546 
WANs caves actacece 6489 Avg. 0.94 777,717 














assumed temperature was used for 
the unexposed floor. The estimated 
temperature of the exposed ceiling 
from Fig. 7, referred to, would be 


5 approximately 63 F x 1.06 = 67 F 


and the temperature of the unexposed 
ceiling was assumed at the same 
value. 

For a mean radiant temperature 
of 71 F, having a heat emission of 
128.3, the total emission for all sur- 
faces would be 6489 x 128.3 = 832,539 
Btu per hour or an additional re- 
quirement of (832,539 — 777,717) 
54,822 Btu per hour. Dividing 54,- 
822 by the panel area of 1267 gives 
43.3 Btu per square foot per hour 
which, added to 125.9 Btu per hour, 
the emission of the unheated ceiling, 
equals 169.2 Btu per hour requiring 
a panel temperature of approximately 
107.1 F. 

Computing the heat loss of the 
house, exclusive of the game room, 
according to Chapter 6, of The Guide 
1943, including infiltration but exclud- 
ing heat loss upwards from panels, 
the British thermal unit loss per hour 
at an 80 F temperature difference 
was, as shown in Table 2, 39,984. 
Dividing this by the panel area of 
1267 gives 31.6 Btu per square foot 
per hour. As approximately 70 per 
cent of the heat from a_ horizontal 
panel with heat flow downward is by 
radiation, the Btu per square foot 
would be 31.6 x 0.70 = 22.1 which, 
added to 129.6, the radiation from a 
surface at 71 F (the desired mean 
radiant temperature) with an emis- 
sivity of 0.95, gives a total radiation 
of 151.7 Btu equal to a panel tem- 
perature of 91.6 F. This temperature 
agrees with the average for the house 
when each room is calculated indi- 
vidually and it is this temperature 
that is used in the following compari- 
son with test results. 


To compare the calculated panel 
temperatures with actual require- 
ments tests were run at various out- 
door temperatures. For these tests 
the water temperature in the boiler 
was reduced to a point that required 
constant operation of the heating 
system. Readings were taken at all 
stations and each test was run over 
4 sufficient period of time (generally 
° to 6 hours) to insure temperatures 
throughout the house being stabilized 
as indicated by two successive read- 
‘ngs at 60-min intervals being in close 


agreement. In Fig. 7 the panel tem- 
peratures are compared with the 
calculated requirements. Each point 
plotted represents the sum of the 
products of the average of 5 points 
in each room panel multiplied by its 
area, divided by the total panel area. 

Extrapolating the observed temper- 
ature curve to the 80 F temperature 
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Fig. 9—Surface, air, and MRT curves 





difference gives a required panel tem- 
perature of 85 F which is 6.6 F 
below the calculated temperature of 
91.6 F or 68 per cent of the calcu- 
lated rise above 71 F based on the 
heat loss method of computation and 
38.8 per cent of the calculated rise 
above 71 F based on the radiation 
method of computation. This dis- 
crepancy between the observed panel 
temperature and that calculated by 
the heat loss method might be ac- 
counted for by stray heat loss from 
the heating system and chimney. At 
design temperatures with an 0.25 F 
drop per lineal foot of ducts to 
panels, the heat dissipation from the 


supply side of the heating system 
alone would approximate 16 per cent 
of the calculated requirements. If 
the heater, return system and chim- 
ney accounted for a similar amount, 
and if the required heat input from 
the panels were computed less this 
total allowance, then the observed 
and calculated panel temperatures 
would be in close agreement. 

The calculated average panel tem- 
perature for the house was 91.6 F 
but for the maid’s room only it was 
95 F. Into this room there was less 
stray heat than into any other room, 
as it was unaffected by ducts or 
risers other than to itself. Fig. 7 
also compares the panel calculated 
temperatures with the test results in 
this room only where the recorded 
panel temperature rise above 71 F 
was 88 per cent of the calculated 
requirement. 


Temperature Gradient in 
Living Room 


Observations of the gradient in the 
living room were made on two occa- 
sions, one week apart, with outdoor 
temperatures of 30 F and 30.5 F. 
One of the thermocouples attached to 
the standard reaching from floor to 
ceiling in the center of the room was 
moved in 3 in. increments in both 
directions between floor and ceiling 
and the temperature at each station 
recorded. In that way four sets of 
readings were taken over a total ex- 
pired time of 6 hours. The average 
of all these readings, plotted on Fig. 
8, is 71.48 F. The average of sta- 
tions 3 in. and 30 in. above the floor 
and 3 in. below the ceiling is 71.5 F. 

The temperature variation in the 
living room between 3 in. above the 
floor and 3 in. below the ceiling was 
of the order of 5.5 F. 


Air Temperatures Compared with 
Mean Radiant Temperatures 


As no means of measuring mean 
radiant temperature was used, it 
could only be arrived at from read- 
ings of 105 thermocouple locations in 
floors, walls and ceilings, and calcu- 
lating the glass temperatures from 
heat transmission coefficients, and 
assuming partition surface tempera- 
tures to be the average of air tem- 
perature readings. The average tem- 
perature of these inner partitions, 
with the system of heating employed, 
probably exceeded the average air 
temperature due to heat transmission 


Table 2—Heat loss calculation, not including heat loss upward from panels 











Area Temperature 





Surface Sq Ft U Difference Btu 
Outside Wall .......... canter 1254 x 0.083 X80 |. 8327. 
Ss ct neces teas ae 48 x 1.13 X 80 4339 
Glass with Storm Sash............. 262 <x 0.75 x 80 15720 
Exposed Ceiling, No Panel over.... 111 X 0.065 x 80 577 
et hed d tbdded tedecet 118 x 0.294 x 40 1387 

~ 30350 
ET Acie ncn kacweneneenseaaear 283.5 ft* x 23.6 cfm xX 0.018 x 80 9634 





exposures. 


Heating, Piping & Air Conditioning, August, 1943—ASHVE Journal Section 





39984 Total 





*100 per cent of crack of windows, 200 per cent of crack of doors on north and east 
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Fig. 10—Graphic log of temperatures 
at 30 in. level during morning pick-up 


from riser pipes within the partition. 
Three thermocouples located on the 
north wall of the living room indi- 
‘ated an average surface tempera- 
ture of 1.8 F above air temperature 
with no riser behind, 4.3 F higher 
with a return riser behind and 7 F 
higher with a supply riser behind. 
If this is indicative of all the parti- 
tions, the mean radiant temperature 
reported herein is slightly lower than 
that which actually existed. 


F. C. Houghten and others have 
shown’ that in a room heated by free 
standing radiation the mean radiant 
temperature never exceeded the air 
temperature and readings plotted in 
Fig. 9 indicate a similar condition 
with this particular application of 
ceiling panel warming. 


The curves in Fig. 9 showing tem- 
peratures of the floor, 3 in. above the 
floor, 30 in. above the floor, 3 in. be- 
low the ceiling, the ceiling, exposed 
wall and calculated mean radiant 
temperature are plotted from tests 
run at outdoor temperatures ranging 
from 4 F to 47 F with the heating 
system under constant operation for 
a sufficient period of time to reach 
equilibrium as indicated by two suc- 
cessive readings at 60-min intervals. 
The calculated average mean radiant 
temperature for all tests exceeded the 
temperature at the 30 in. level by 


“ASHVE Research Report No. 1172— 
Radiation as a Factor in the Sensation 
of Warmth, by F. C. Houghten, S. B. 
Gunst and S. Suciu, Jr. (ASHVE Trans- 
actions, Vol. 47, 1941, p. 117.) 
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0.9 F and likewise the average of the 
air temperatures 3 in. and 30 in. 
above the floor and 3 in. below the 
ceiling was 0.9 F above the 30 in. 
level. If the mean radiant tempera- 
ture were compared only with the air 
temperature below the breathing line 
then the mean radiant temperature 
would be of a slightly higher value. 

This system employed horizontal 
panels with heat flow downward from 
which heat transmission by convec- 
tion is less than from vertical panels 
or from horizontal panels with heat 
flow upward. It is doubtful, there- 
fore, in any well constructed panel 
heated house having no more than a 
normal number of air changes that 
the air temperatures would ever be 
depressed appreciably below the mean 
radiant temperature. 

With radiator and convection resi- 
dential heating systems the gradient 
between the 3 in. and 30 in. levels 
has been found to increase with an 
increase in the indoor-outdoor tem- 
perature differential.’ While a sim- 
ilar condition existed in this investi- 
gation the floor temperatures, as 
shown in Fig. 9, not only exceeded 
the air at the 30 in. level but also 
the floor temperature increased with 
the indoor-outdoor differential. 

As a drop in outdoor temperature 
Was accompanied by an increase in 
ceiling and floor temperatures, a 
rather constant exposed wall temper- 
ature and a decreased glass tempera- 
ture, the mean radiant temperature 
held within such narrow limits that 
comfort conditions were maintained 
during all outdoor conditions without 
a change in thermostat setting. 


Morning Pick-Up 


Three tests were run to observe 
conditions existing in the morning 
after bedroom windows, which had 
been opened during the night, were 
closed. In the first test the heat re- 
mained on in the bedrooms, the ther- 
mostat was not set back, the bedroom 
doors were closed and windows were 
opened 3 in. from the top and 6 in. 
from the bottom. The second test 
was made under similar conditions 
except that heat in the bedrooms was 
turned off. In the third test heat 


‘Operation of the Research Home with 
Reduced Room Temperatures at Night, 
by A. P. Kratz, W. S. Harris and M. K. 
Fahnestock. Digest of Research, Energ. 
Experiment Station, University of IMinois. 
(Journal Section, Heating, Piping & Air 
Conditioning, December, 1942.) 
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Fig. 11—Reproduction of four-point recorder chart com- 
paring temperature at 30 in. level in bath with three bed- 
rooms in which windows were open during night and heat off 
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Fig. 12—Curves of floor and air tey 


perature at 3 in. level in dining roof 


and entire house 


remained on in the bedrooms 

thermostat was reduced 5 F 

the night. In all three tests t} 
door temperature ranged fro 

to 34 F. These three tests ar 

in Fig. 10. 

In the first test with heat 
ing on in the bedrooms and : 
set-back, the bedroom temperat 
dropped to an average low of 
At 7:52 a.m. the bedroom doors 
opened and windows closed. 0 
mand from the thermostat the hea 
ing system operated from 8&:(4 : 
8:15 and from 8:32 to 8:52 at w! 
time the second floor bedrooms \ 
5 F lower than the first floor. 
heating system did not operate ag 
for several hours due to sun effect 

In the second test, in which | 
bedrooms was turned off but wit 
set-back, the bedrooms reached a ! 
average temperature of 45 F 
8:30 a.m. the bedroom doors 
opened, windows closed and da 
opened in the risers. On demand f: 
the thermostat the heating syst 
operated from 8:55 to 9:05 
10:33 to 10:45 and from 11:41! 
11:50 or a total of 31 min 
hours and 30 min. At 11:50 a.n 
temperatures of bedrooms had « 
ized with the first floor. 

Fig. 11 is a reproduction 
chart from the 4 point recorder f1 
7:00 a.m. to 1:00 p.m. Temperat 
of the bathroom held within 1 F 
70 F until 8:30 a.m. when the | 
room doors were opened, The bu 
room temperature then dropped { 
about one hour while the bed 
temperatures rose. All of them equa 
ized at 11:50 and reached and 
tinued at 70 F at 12:30 p.m. 

In the third test heat remained ® 
in the bedrooms but the thermos® 
was reduced 5 F. During the mz 
the mean bedroom _ tempera! 
dropped to 46 F. The doors we 
opened, windows closed and therm 
stat advanced 5 F at 8:08 am ® 
which time the heating system sta! 
and continued in operation 
10:08 a.m. when the temperatures t 
both floors were practically equal 
For an hour thereafter temperat™ 
continued to rise — due partially, ® 
least, to solar radiation. Under 
mal operation, however, the therm 
stat would have been automatic® 


ai 
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,dvanced at least one hour before the 
edroom doors were opened so that 
any overheating would be minimized. 





feet of wall at the floor line. 


—_ 

+ 5 Effect of Large Glass Areas 

“/oor 

|_| @ Exposure of the dining room con- 
: isted of 115 sq ft of wall and 77.3 

+— Piiisq ft of glass and doors, the windows 

ve) Eimand french doors taking up 12 lineal 

—F 














——_—@ A comparison of floor temperatures 
and air temperatures 3 in. above the 
joor in the dining room and the aver- 
age of the house is shown in Fig. 12. 
hese curves were plotted from read- 
ngs of constant operation tests at 
various outdoor temperatures. 


The variation between the 3 in. and 
e) in. levels in the dining room was 
137 per cent greater than in the 
ouse as a whole due apparently to 
he convection currents established 
by the large glass area. Because the 
foor was warmer than the air at 
either the 3 in. or 30 in. level, the 
ower air temperature was not of a 
‘\ursHimagnitude to seriously affect comfort 
| but it does suggest the same consider- 
we ation for glass placement with panel 
, eating as with any other. 






























Summary 


1. A basement game room from 
hich the heat loss fluctuation was 
ot uniform with the balance of the 
ouse, could not be satisfactorily 
eated in mild weather. 


2. The combined thermal capacity 
bff air as the heating medium and 
ormal plaster ceilings as the heat- 
g panels resulted in such rapid re- 
ponse to heat demand that comfort 
onditions were maintained with in- 
ermittent operation of the heating 
ystem under control of a conven- 
ional heat anticipating thermostat. 


3. In this house with normal air 
hanges, and warmed by a panel heat- 
g system, the air temperature 
ended to equalize with the mean 
adiant temperature. 


4. Caleulated panel temperatures 
based on the heat loss of the struc- 
re more closely approached ob- 
rved requirements than the calcu- 
ated temperatures based on radiation. 


5 Stray heat loss into the house 
tom chimney, heater and duct work 
soaed a substantial factor of 
alety. 


6. The mean radiant temperature 
fas held within such narrow limits 
ver a wide range of outdoor tem- 
fratures that comfort conditions 
ere maintained without altering the 
door air temperature. 


i. After a reduced night tempera- 
te the extended period of heater 
peration, required to restore day 
yme temperature, reduced the time 
, ‘quired for temperature equalization 
ints f rooms, in which windows were 
res “Mppened during the night, with the re- 
alized ander of the house. 


8. Floors above the basement in- 
eased in temperature as the outdcor 
r no ‘mperature dropped and tempera- 
jermefmmere of such floors exceeded the tem- 
tical Perature of air adjacent to them. 


This higher floor temperature tended 
to counteract the affect of convection 
currents and depressed low level air 
temperatures established by large ex- 
posed glass areas. 


Discussion 


T. Napier Adlam, New York, N. Y. 
(Written): It appears from the au- 
thors’ statement that the instrument 
used to record the air temperatures 
did not indicate any great change over 
a given period—indicating that the in- 
struments used were not capable of 
registering comfort conditions. 

The air temperatures recorded be- 
ing very much higher than necessary 
with a true radiant heating system 
would disturb the balance of heat loss 
from the human body. While the 
calculations called for a panel surface 
temperature 107.1 F. the average sur- 
face temperatures of the panels were 
probably 91.6 or 95 F. This can be 
accounted for by the extra heat com- 
ing from the floors and warmed por- 
tion of the walls. also by the fact that 
while the calculation made for the 
building was based on an outside tem- 
perature of —10 F, the test was made 
_ an outside temperature of +12 

F. F. Giesecke, Urbana, Ill. (Writ- 
ten): The authors have made a valu- 
able contribution to the panel heat- 
ing literature. They have developed 
a panel heating system which is new 
and simple, and have shown that, with 
this system the temperature can be 
controlled satisfactorily with the con- 
ventional thermostat. They have 
also supplied experimental data which 
can be used for further studies of 
panel heating. For example, Fig. 9 
shows that the MRT was about 1 deg 
above the 30 deg level air tempera- 
ture. 

This is evidence that, in any one 
room, the air temperature and the 
MRT are interdependent. If a room 
is heated by means of panels until 
its thermal conditions are constant, 
the MRT will be slightly higher than 
the mean air temperature, because 
the air is heated by its surroundings. 

If a room is heated by means of a 
convector until its thermal conditions 
are constant, the MRT will be slightly 
lower than the mean air temperature, 
because the heat transfer is from the 
air to its surroundings. 

In the case of the building studied 
by the authors, it is impossible to de- 
sign the heating system so that there 
will be a definite MRT and also a 
definite mean air temperature unless 
the two selected temperatures hap- 
pen to correspond to each other. For 
example, it is evident from the au- 
thors’ experimental data that when 
the MRT was 71 F, the mean air tem- 
perature was about 70 F and could 
not have been reduced to 65 F, unless 
cool air was continuously blown into 
the room in sufficient quantity to low- 
er the air temperature from 70 to 
65 F. 

In the authors’ system, the ceiling 
panel was heated by blowing the air 
along the upper surface of the panel. 
It would be of interest and of value 
if the authors could continue their 
studies by heating the ceiling panel 
with air blown across the room along 
the /Jower surface of the panel. To 
secure design data for such an instal- 
lation, tests were conducted in a 
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radiator test booth at the University 
of Illinois. While a radiator was be- 
ing tested, the ceiling temperature 
was about 93 F and the air tempera- 
ture, 3 in. below the ceiling, was 
about 100 F, or 7 deg higher. After 
the radiator test had been completed, 
the test booth was closed and allowed 
to heat until the ceiling temperature 
was about 101 F; at the same time 
the air temperature was about 111 F, 
or 10 deg higher. The heat was then 
cut off and the booth allowed to cool 
until the ceiling temperature was 
about 95 F at which time the air tem- 
perature was about 100 F, or about 5 
deg higher. 

It appears from this test that a 
ceiling temperature of 86 F in the 
booth could be easily attained with 
an air temperature of 93 F, 3 in. be- 
low the ceiling. 

In the authors’ tests, it appears 
from Fig. 6 that a ceiling tempera- 
ture of 86 F was secured by blowing 
air over the ceiling at a mean tem- 


125 + 85 
perature of about ( - et ) 
9 


105 F, or about 12 deg higher than 
necessary if the air were floated along 
the underside of the ceiling panel. A 
system constructed and operated as 
suggested would be lower in cost and 
possibly also lower in the cost of 
operation than the system used by the 
authors and, in addition, it would per- 
mit partial purification and partial 
humidification of the air, so that it 
might be classified as a combination 
panel heating and air conditioning 
system. I hope the authors will con- 
sider these suggestions sympathetic- 
ally and present another paper in the 
future. 

A. J. Johnson, Philadelphia, Pa. 
(Written): The research of the au- 
thors has undoubtedly added invalua- 
bly to our fund of domestic heating 
knowledge. The paper is so clearly 
presented and the subject so new that 
there seems to be little room for ex- 
tended discussion at this time. 

There is one point, however, which 
might warrant further consideration. 
The paper mentions the fact that it 
required 4 hours and 25 min to raise 
the temperature from 60 deg to a 
point where the thermostat was 
satisfied. It later refers to 2 hours 
of continuous heater operation for 
recovering 5 deg in the morning. 
Both of these acceleration periods 
would seem to be rather long, which 
suggests that with a low temperature, 
concentrated heating medium, _in- 
creased attention might well be given 
to air circulation and thermostat 
placement. 

A point that is not always realized 
is that an eight-room house contains 
over a ton of air, which must be 
placed in continuous motion in order 
to secure uniform heating. Since 
the only motive power after the fan 
has stopped is the source of heat sup- 
ply, it fellows that when this is either 
| w in temperature or concentrated 
in area more time is required to over- 
come the inertia of the air than other- 
wise, This would account for delayed 
acceleration, over-riding in rooms ad- 
jacent to the thermostat as men- 
tioned in this paper, and a tendency 
toward difficulty in balancing the tem- 
peratures in the several rooms. 
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Several suggestions for increasing 
the comfort in a house of this type 
are therefore indicated: 


1. It might be advisable to study the 
relative fuel consumption with uniform 
24-hour temperatures as compared with 
depressed night temperatures. If it can 
be shown, as might be suspected, that in 
any house with a system requiring pro- 
longed acceleration periods, 24-hour com- 
fort does not involve appreciable addi- 
tional fuel, the increased comfort factor 
is obvious. » 

2. In designing a low temperature 
source of heating, it would seem to be in 
order to carefully study the path of con- 
vected currents through the house, so 
that each heating panel will in effect re- 
lay the normal flow of heated air to the 
next panel rather than setting up local- 
ized circulation or opposing currents. 

3. A change in the location of the 
room thermostat might be in order. 
With intermittent types of heat there is 
a tendency for the room in which the 
thermostat is located to become heated 
before the circulation of air throughout 
the house is normal. Thus, instead of 
the design condition of each radiator or 
panel satisfying its own area there is 
necessarily a secondary effect, due to the 
cooler rooms having to draw upon the 
heated air in the warmer rooms before 
stabilization has been achieved. This 
condition can probably be overcome by a 
very painstaking balancing of the entire 
heating system. However, a simpler so- 
lution might be found if the thermostat 
could be located in point of average tem- 
perature such as for example an up- 
stairs hall. 


F. C. Houghten, Pittsburgh, Pa. 
stated that from a theoretical as well 
as practical viewpoint the addition of 
a partition to a given space would 
increase the heat loss because the 
partition would take on a higher tem- 
perature than the exposed surface, 
would have a higher mean radiant 
temperature, and would therefore, 
radiate more heat to the inside sur- 
faces of the exposed wall. He con- 
sidered the ASHVE Guide method of 
computing the radiant panel size to 
be theoretically correct. 

C. Tasker, Toronto, Ont., Canada, 
suggested that there was need to 
standardize the method of measuring 
radiant heat in order that field test 
results of different investigators 
might be comparable. 

P. F. Gordon, Bloomfield, N. J., 
asked, (1) how much insulation was 
used between the first floor ceiling 
and second floor construction, and (2) 
whether the heat flow through the 
second floor construction entered into 
the discrepancy between the observed 
and calculated mean radiant tempera- 
ture. He thought that the observed 
ceiling panel temperature might be 
lower than the calculated value be- 
cause the first or second floor con- 
struction temperature and the plaster 
surface temperature of the interior 
walls might have been higher than 
calculated due to conveyance of air 
up through ducts in the walls. It 
was probable that the air temperature 
could not be held below the mean 
radiant temperature because a lot 
of surface at points other than the 
ceiling was effective as radiant heat- 
ing surface. 

L. T. Avery, Shaker Heights, Ohio, 
inquired whether the relative humid- 
ity had been determined when the con- 
clusions were reached regarding com- 


ort. 

John James, Cleveland, Ohio, 
asked how the authors had secured 
uniform distribution of air flow in the 
thin ceiling panels and whether spe- 
cial precautions were taken to pre- 
vent discoloration or cracking of the 
plaster. 


430 


Elliott Harrington, Schenectady, 
N. Y., stated that he would be inter- 
ested in the authors’ impression of 
the comfort characteristics or operat- 
ing advantages of panel heating. 

Ferdinand Jehle, Indianapolis, Ind., 
asked whether warm air panel instal- 
lations would usually — a forced 
warm air furnace and if so whether 
the air temperature in the panel could 
be controlled with sufficient accuracy. 

C.-E. A. Winslow, New Haven, 
Conn., pointed out that the paper had 
shown two advantages that might be 
expected from radiant heating by a 
ceiling panel: (1) the differential 
between floor and ceiling was small 
as compared with most convection 
systems; and (2) there was less air 
movement. 

Convection heat loss from the body 
depends on the mean surface tempera- 
ture of the body and the mean air 
temperature multiplied by the square 
root of the air movement. At a mean 
velocity of 16 ft instead of 64, for in- 
stance, the difference between mean 
skin temperature and mean air tem- 
perature can be twice as great with 
the same sensation of comfort. The 
evenness of temperature from floor to 
ceiling and the low air movement per- 
mits use of low air temperature with 
the same comfort. 


Dr. Winslow mentioned the success- 
ful use of banks of light bulbs 
against the ceiling and floor for the 
purpose of rapidly raising room tem- 
perature in the morning in the J. B. 
Pierce Laboratory. Room tempera- 
ture could be raised from 55 to 70 F 
in 30 to 45 min by temporarily in- 
creasing the wattage input. 

Mr. Randolph, referring to re- 
marks by Messrs. Adlam and Tasker, 
stated that no standard of measure- 
ment for registering comfort exists 
at the present time. He suggested, 
in reply to Mr. Adlam’s comment, 
“that with the increasing interest in 
radiant heating it would be well to 
have a definition of the term true 
radiant heating system.” It is not 
clear at present whether this term 
refers to the means by which the heat 
is introduced into a room, or whether 
it refers to a relation between air 
temperature and the MRT 

In reply to Dr. Giesecke’s sugges- 
tion of using warm air under the 
panel rather than over it, the author 
stated, it was interesting and he could 
see no reason why it would not work. 
However, he felt, as the air would be 
at a higher temperature than the 
panel objectionable dust and dirt 
streaks would undoubtedly be formed 
on the ceiling panel. 

In answering Mr. Johnson, who re- 
quested the time required to recover 
5 F in the morning after a night set- 
back, the author stated that the rate 
of recovery could be shortened by 
using a slightly higher temperature 
in the heating medium, but the elapse 
of time shown in the paper is no 
greater than that experienced in warm 
air and radiator heated homes at the 
University of Illinois. This recover- 
ing, the author pointed out, refers 
only to the air temperature and occu- 

ants of panel heated homes apparent- 
y experience comfort conditions soon 
after the heating system is in opera- 
tion and before any appreciable air 
temperature elevation has _ been 
noticed. 


In commenting on Commander 
Houghten’s remarks, the author 
stated that he agreed with the fac; 
that by running an internal part tio, 
in a room the partition would tak, 
on a higher temperature than the ex. 
posed surface, thereby increasing the 
MRT, but he did not understand why , 
greater heat input would be require, 
which is the case when calculate: a¢. 
cording to Chapter 45 in the ASHVEF 
Guide. He further stated if, in a 
20 ft x 24 ft with the north and 
walls exposed and having areas cqua 
to those given in The Guide examp) 
a partition is run from nort 
south the required heat input 
be increased some 15 per cent. [t 
because of such a condition, he : 
that he believed the heat loss n 
of calculation should be used. 

The author stated that Mr. Go, 
is correct in his assumption that 
temperatures were increased as a | 
sult of panels or duct work 
neath, and likewise as pointed 
the paper partition temperatures we: 
elevated by risers therein. It d 
seem to the authors as thoug! 
discrepancy between calculate 
observed panel temperatures wa: 
great when the heat dissipation 
supply side of the system alone ; 
counted for 16 per cent of the | 
loss, which was not considered 
calculating the panel temperatures, |: 
may be that if heat input had be 
from the ceilings exclusively th 
temperature in relation to the MR! 
would have been somewhat lowe: 
however, it is the authors’ opinior 
that in an ordinary residence, wit! 
ventilation and using low tempera: 
panels, the air will eventually a; 
proach the MRT. 

The author also pointed out that : 
or 7 installations of the type describ 
in the paper had been made and that 
all were equipped with direct fired 
units either gas, oil or stoker-fired 
and that all had been very satisfac. 
tory to the owners. He did not 
tend to conclude that the warm air 
panel system was better than a we! 
installed radiator or convection wan 
air heating system in a_ well-built 
house. The ability to place draperies 
or furniture where desired without 
need for considering the heating sys 
tem was an admitted advantage, t! 
author stated. 

No cracking of plaster had been oD- 
served in the installations mad 
Three made use of expanded lath wit 
conventional plaster (without bin¢ 
ing) and two or three made use © 
gypsum lath and plaster attached ' 
it. No discoloration had been o> 
served although the panels had bee! 
painted to match the rooms. Int! 
installation described the plaster w® 
smooth. Humidity was not dete! 
mined although its bearing on com 
fort was acknowledged. He brovg* 
out that radiant temperatures we" 
not obtained because the method © 
taking them had apparently not bee? 
standardized. 

Mr. Randolph then compared 
time of morning temperature pi* 
up with that reported in tests of § 
radiator system in the Research Res: 
dence at Urbana and pointed out ths! 
in the latter two hours were requir 
to recover 6 F and also that the co” 
walls at the end of this period st 
had an uncomfortable effect on “ 
occupants. 
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“Use of the Down-Draft Coking Method 
for Smokeless Combustion 
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oa HE WELL known fact that the 
os emperature required to ignite a coal 
gas-air mixture is much higher than 
that required to convert the volatile 
matter in bituminous coal to the 
gaseous state, makes it necessary to 
use either the down-draft principle 
r the underfeed principle in the con- 
truction of small furnaces designed 
» achieve smokeless combustion. The 
nderfeed principle has been used to 
ome extent in hand fired furnaces 
but its use has been generally aban- 
joned because the operation of a fur- 
ace equipped with the necessary 
— echanism for forcing the coal 
hrough the bottom of the fuel bed 
was found to be too difficult for the 
' average housewife to operate. The 
It jown-draft principle has also been 
ried in innumerable forms by many 
nventors and furnace designers, but 
RI or various reasons, such as grate 
bd ailure, baffle wall failure, arching of 
- he coke, difficulty in removing clink- 
rs and “puff back,” practically every 
ttempt to use this principle has re- 

ulted in ultimate failure. 
t A project of the Mechanical En- 
bed ineering Experiment Station at the 
hat Iniversity of Illinois started in 1939 
red Hby the authors, with the cooperation 
Te Tipf Prof. A. P. Kratz, has had for its 
Dbjective the practicable application 
pf the down-draft principle to hand 
fired furnaces designed to burn bitu- 


urn minous coal smokelessly. In develop- 
uilt Hing the down-draft coking principle 
ries Jan attempt has been made to eliminate 
lout ll of the faults that have character- 
*)* Bized previous applications of the 


















own-draft principle. 
The Down-Draft Coking Principle 


Fig. 1 shows a longitudinal vertical 
ection of the body of a furnace in- 
orporating the down-draft coking 
rinciple. This figure illustrates the 
ethod of burning the fuel, without 
sing concerned either with the ar- 
ngement of secondary heating sur- 
ter- Mpece or with the use that is made of 
e heat liberated during the combus- 
on process. The typical furnace con- 
sts of a coking chamber, a coke 
urning chamber, a baffle wall with 
rtical air passages, a sloping dead- 
late under the coking chamber, an 
clined “pin hole” grate under the 
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SUMMARY—A pplication of the 
down-draft coking principle in design 
of a smokeless furnace and of a 
smokeless conversion burner for soft 
coal is described. Operation results, 
test data, and smoke observations 
show successful performance. 


forward portion of the coke burning 
chamber and a horizontal shaking 
grate under the rearward portion. 
The baffle wall containing vertical air 
passages separates the upper portion 
of the coking chamber from the com- 
bustion chamber and directs the gases 
released from the coking coal over 
the surface of the incandescent coke 
in the coke burning chamber. Three 
definitely proportioned openings ad- 
mit air in the correct proportions to 
the secondary air passages, the coking 
chamber, and the ash compartment 
below the grates. The secondary air 
which enters the furnace through 
ports above the firing door passes 
through a horizontal passage in the 
roof of the coking chamber, then 
through the vertical passages in the 
baffle wall, emerging from the bottom 
of the baffle wall, where it is thor- 
oughly mixed with the gases passing 
toward the combustion chamber from 
the coking chamber. The primary 
coking air, in an amount that is just 
sufficient to support a low combustion 
rate, enters the coking chamber 
through a small port in the firing 
door. The heat liberated by the slow 
combustion in the coking chamber 
gradually drives the volatile matter 


























Fig. 1—Sectional view of the body of 
a furnace incorporating the down- 
draft coking principle 
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By Julian R. Fellows* and John C. Miles,** Urbana. III. 


from the fresh coal, thus converting 
the coal to coke. The primary under 
grate air which enters the furnace 
through a small port in the ash re- 
moval door passes upward through 
the two portions of the grate and 
flows through the bed of coke. The 
primary coking air is proportioned to 
the primary under grate air in such 
a way that a charge of fresh coal is 
completely coked in the time interval 
required to entirely burn a charge of 
coke. The primary coking air, pri- 
mary under grate air, and secondary 
air are admitted to the furnace in 
fixed proportions at all times, and the 
combustion rate is controlled by a 
damper which regulates the effective 
draft at the smoke collar. 


Methocs Adopted to Improve Down- 
Draft Principle 


The application of the down-draft 
principle is not required for the 
smokeless combustion of the coke 
which remains after the hydrocarbon 
gases have been removeds Hence for 
the purpose of burning the fixed car- 
bon in the fuel, an updraft firepot is 
provided at the rear of the down-draft 
coking furnace. This arrangement 
makes it possible for the grate to be 
cooled by the primary air, as it is in 
any conventional updraft furnace. 
The grate used is made in two parts. 
A conventional shaking grate, used 
for disposing of the ash, is preceded 
by a sloping pin-hole grate. This ar- 
rangement makes it possible to vary 
the effective grate area by accumulat- 
ing different amounts of ash at the 
back of the fire-pot. Since the for- 
ward portion of the inclined grate is 
always clear after a charge of fuel 
has been placed, the fire responds im- 
mediately regardless of the size of the 
coke bank. Hence, even in very mild 
weather, when small charges of coal 
are used and the fire is allowed to 
burn for long periods without atten- 
tion, it is possible to maintain an 
ignition surface under the forward 
portion of the baffle wall. 


The coking chamber at the front 
of the furnace is provided with a 
deadplate inclined toward the coke 
burning chamber at the back so that 
gravity aids in the transference of 
the coke from the coking chamber to 
the coke burning chamber. However, 
the angle of inclination is such that 
the coke does not feed on to the grate 
automatically but remains in the 
coking chamber until transferred to 
the coke burning chamber by poking, 
previous to the placing of a fresh 
charge of coal. With this arrange- 
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ment sufficient coke for the ignition 
of the gases from the succeeding 
charge may be retained in the furnace 
for long periods. 

Because only a small portion of the 
air entering the furnace is admitted 
through the coking chamber, it is im- 
possible for the fuel in this chamber 
to become excessively hot, and the 
baffle wall is not subjected to ex- 
tremely high temperatures. The re- 
sistance to the flow of air of the 
small port in the firing door is such 
that the resistance of the charge of 
fresh coal in the coking chamber is 
negligible, and, as a result, the rate 
of coking is independent of the prep- 
aration of the fuel used, providing 
that fine dust has been removed. The 
introduction of the secondary air 
through the baffle wall combines the 
advantage of cooling the baffle wall 
with that of preheating the secondary 
air. 

While the coke formed in the cok- 
ing chamber will bridge the space be- 
low the baffle wall, this condition 
causes no trouble in a down-draft 
coking furnace, because it does not 
affect the burning of the coke in the 
updraft fire pot below the baffle, and 
the various parts of the furnace are 
arranged so that the coke can be 
easily broken up and pushed into the 
coke burning chamber at the end of a 
cycle. 

Clinkering of the ash is eliminated 





Fig. 2—Photograph of a small warm 
air furnace incorporating the down- 
draft coking principle 


formly distributes the primary under 
grate air, and because the port which 
admits this air to the ash pit is de- 
signed to limit the amount at all 
times. 

The tendency toward puff-back is 


the previous applications of the dow». 
draft principle. Puff-back can be ef. 
down-d raft 


nitely eliminated in a 
coking furnace by using the p 
proportion of primary coking a 


Application to a Warm Air Furnace 


Fig. 2 shows a small warm ai: 
nace designed to operate on the 
draft coking principle, and wh 
now being tested in the Mech 
Engineering Laboratory at th« 
versity of Illinois. The furnace 
was developed by W. D. R 
Huntington, Ind., with the coop« 
of Prof. A. P. Kratz, Prof. S. | 
and the authors of this paper. Thi 
unit is 18 in. square and is fitte 
a casing 26 in. by 26 in. It 
rated at approximately 60,000 Bi 
per hour with forced-circulat 
the air. The same unit may b 
with gravity-circulation, or as 
culating space heater. This f 
is so designed that it can be n 
any desired capacity by maintaining 
approximately the same geo 
proportions used in the unit n 
ing tested. 


Performance Data for a Down-Draft 


Coking Furnace 


Some data on the performance 
the original laboratory model in burn- 
ing bituminous coal from 8&8 differen’ 
fields are given in a previous 


‘An Improved Hand-Fired Fur 
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Fig. 3—Performance curves for a warm air furnace 
burning high volatile coal 
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Fig. 4—Graphical log for a 12 hour cycle 
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The performance of the furnace 
shown in Fig. 2 when tested under 
S-onditions designed to simulate cold 
weather operation, mild weather op- 
eration and night banking, is also 
shown in graphical form in a recently 
published paper* Table 1 presents 
Sadditional, and more recent, data 
taken at 4 different burning rates 
when burning 2 in. x 3 in. nut coal 
from Saline County, Ill. The proxi- 
mate analysis of the coal as fired was 
as follows: moisture 3.5 per cent, vola- 
tile matter 38.22 per cent, fixed car- 
bon 51.61 per cent and ash 6.67 per 
rent. 
Fig. 3 shows in graphical form some 
{ the more important items of the 
jata presented in Table 1. The first 3 
ests were made with gravity-circula- 
ion of the air through the casing with- 
ut any attached pipes while in the 
last test at 7.5 lb combustion rate, 
approximately 700 cu ft of air was 
ireulated through the casing per 
1inute by means of a fan. All of the 
ests were made without adjustment 
bf any of the three air dampers and 
n all but the 24 hour test, at a 1.5 lb 
yerage combustion rate, the cross 
lamper in the breeching remained in 
ne fixed position through each test 
period. In the 24 hour test, the cross 
lamper was moved to a hold-fire po- 


Performance Characteristics of i 
own-Draft Coking Furnace by J. R. Fel- 
ws. Mechanical Engineering, May, 1945 











Table 1—Performance Data for a Down-Draft Coking Furnace Burning 





Saline County, IIL, Coal 


Average combustion rate, Ib per hr 
Length of cycle, hours ‘ : 
Weight of each charge fired, lb 
Average draft at smoke collar, in. H:O 
Average CO: in flue gas, per cent ; 
Average flue gas temperature, deg | 
Average heat exchanger temperature 
(Fire pot level) 
Average heat exchanger temperature 
(Top of combustion chamber) 
Average temperature of heated al 


Average temperature of air entering bonnet 


Average smoke density, per cent 


(Corrected for zero reading of recorder) 
Heating value of coal as fired, Btu per Ib 


Total stack losses, Btu per Ib of fuel 
Grate loss, Btu per lb of fuel : 
Total heat utilized, Btu per Ib of fuel 
Total heat utilized, Btu per hour 
Overall efficiency, per cent 


*Forced circulation of air being heated 


sition after 11.5 hours of operation at 


a somewhat higher combustion rate. 


Other tests have shown that an aver- 
age combustion rate as low as 1 lb per 
square foot of grate area per hour can 
be maintained without appreciable 
sacrifice in efficiency and with almost 
100 per cent smokeless combustion. In 
every case the correct position of the 
cross damper for the combustion rate 
desired for a test was determined by 
preliminary trials. The draft in the 
breeching between the cross damper 
and the stack was maintained con- 
stant at 0.07 in. of water in all tests. 
The smoke density was measured by 
means of a recording meter making 


Fig. 5—Reproduction of an actual smoke record 
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36 ‘ 410 1 
U.00 0.0] 0.04 
9.4 8.72 i t 1.4 
224 3 ha t 
10 61 7s 
4 456 72 
12 150 209 
62.3 70.0 67 64 
0.6 2.0 4.0 1.! 
12.880 l KAD 12.580 12,8580 
1217 45 2,455 2,810 
S47 847 847 847 
10,731 10,28 9,475 PPP 
16,224 O.855 1s l 
‘4 79.8 71 


use of a light shining through the 
gases on to a thermopile. The flue gas 
was analyzed with a standard Orsat 
apparatus and the temperatures re- 
corded were measured with a ther- 
mocouple and a potentiometer. The 
loss of fuel through the grate was de- 
termined by weighing the refuse from 
the whole series of tests, and deduct- 
ing the weight of ash, calculated from 
the weight of coal burned, and the 
known ash content of the coal. 

It may be noted that the average 
smoke density in all of the tests was 
négligible when it is considered that 
a density of 23 per cent as recorded 
by the meter corresponds to a Ringel- 
mann number of 1. The smoke den- 
sity did not at any time reach a den- 
sity greater than 15 per cent as 
measured by the recording meter 
when corrected for the zero reading 
of the instrument. 

It may also be noted from the ta- 
ble, that, in spite of the fact that the 
fuel bed received no attention what- 
ever except when each charge was 
placed, the furnace operated with a 
good overall efficiency at all of the 
different rates of burning. It is be- 
lieved that the grate loss, which was 
quite high, can be greatly reduced by 
a slight change in the position of the 
horizontal rocking grate, as in its 
present position most of the ash is 
shaken through at the front edge, 
whereas it should be arranged so that 
the greater part of the ash is shaken 
through at the rear edge next to the 
rear wall of the furnace. 

Fig. 4 shows a graphical log of the 
CO., the flue gas temperature, the 
temperatures of the air entering and 
leaving the casing, and the draft used, 
in a 12 hour test in which the positiun 
of the cross damper was occasionally 
changed as much as was neces’ ary to 
maintain a constant heat output o* 
approximately 35,000 Btu per hour 
from the casing. The coal used in 
this test was a 2 in. by 3 in. prepara- 
tion from Franklin County, Ill. Since 
it was possible to maintain a continu- 
ous output equal to more than half of 
the rating of the furnace for a period 
of 12 hours, the test shown in Fig. 4 
indicates that a furnace of this type 
would not need to be fired more often 
than twice a day except in unusually 
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cold weather. Except for a short pe- 
riod following the placing of a charge 
of fresh coal, the heat output of the 
furnace was readily controlled by ad- 
justing the position of the cross dam- 
per. The fact that all of the available 
draft was not being used when the 
heat output was low indicates that a 
thermostatic control of the damper 
could have maintained a uniform heat 
output throughout the cycle, except at 
the beginning. A furnace of this type 
could be operated with thermostatic 
control immediately after placing a 
charge of fresh coal without fear of 
explosion or puff-back. It is probable 
that some over-heating at the begin- 
ning of the cycle might be experienced 
because of the high combustion rate 
developed during the few minutes that 
the firing door was open in the proc- 
ess of preparing the fuel bed and plac- 
ing the coal. However, it does not ap- 
pear that the overheating would be 
sufficient to cause discomfort, and it 
is believed that the rapid response of 
the furnace after placing a charge is 
a very desirable performance charac- 
teristic. The necessity for overcoming 
the phenomena of puff-back is prin- 
cipally responsible for the fact that 
the furnace did not maintain high CO, 
throughout the whole cycle. Sufficient 
primary coking air must be supplied 
to carry away the gases released in 
the coking process during the time 
when that portion of the charge which 
is close to the firing door is being 
coked. The minimum amount of cok- 
ing air required to eliminate puff-back 
determines the adjustment of the 
coking air damper, and it is im- 
practical to attempt to extend the cok- 
ing of a charge of fresh coal over the 
duration of a complete firing cycle. 
The requirements for secondary air 
are therefore considerably greater 
during the first part of each cycle, and 
it is impossible with one setting of 
the secondary air damper both to pro- 
vide a sufficient amount at that time 





Fig. 6—Photograph of a down-draft 
conversion burner. The photograph 
was taken with the burner standing on 
end in front of the furnace with the 
bottom side facing the camera 
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and to avoid an excess during the 
later part. Tests have shown that, by 
careful adjustment of the three air 
dampers, CO, readings as high as 17 
per cent can be obtained without 
smoke. Covering each charge with 
fine coal reduces the tendency toward 
puff-back. This makes it possible to 
reduce the amount of secondary air 
used, and effects a corresponding in- 
crease in the average CO:. More fre- 
quent firing of smaller charges of coal 
would result in a higher CO: average. 
Reducing the amount of secondary air 
at the midpoint of each cycle would 
also have the same effecc. 


Fig. 5 is a reproduction of the actu- 
al smoke record made at the time the 
data shown in Fig. 4 were recorded. 
It also includes the record for the fol- 
lowing 12 hour cycle, for which the 
same coal preparation was used. At 
the time this record was made, the 
recorder was adjusted to a zero read- 
ing of 4 per cent, so that it is only 
readings in excess of that amount 
that indicate other than a perfectly 
clear stack. It is possible to burn all 
types of high volatile bituminous coal 
in a down-draft coking furnace with- 
out producing any smoke whatever 
but any one of a number of unusual 
situations may cause a light smoke at 
times. The trace of smoke which ap- 
peared at times during the fore part 
of the test cycle was probably caused 
by the fact that the accidental posi- 
tions of the various individual pieces 
of coal making up the charge were 
such that an uneven distribution of 
the gases passing under the baffle wall 
resulted. Thus, while sufficient sec- 
ondary air entered the furnace and 
was distributed uniformly across the 
lower face of the baffle, it is possible 
that there was a slight deficiency at 
one or more points. The use of a 
smaller sized coal reduces the chance 
of unequal mixing of the secondary 
air and coal gases, and increases the 
chance for obtaining 100 per cent 
smokeless combustion. It may be 
noted that no smoke was produced in 
the second cycle shown in Fig. 5 ex- 
cept for a few minutes immediately 
after firing. The small amount of 
smoke produced at the beginning of 
this cycle was caused by suddenly 
checking the fire subsequent to the 
very high combustion rate that was 
built up while the firing door was open 
and the fuel bed was being prepared 
and the charge placed. However, if 
the position of the Ringelmann num- 
ber 1, obtained from a calibration of 
the recorder, is noted, it becomes evi- 
dent that the amount of smoke pro- 
duced in the 24 hours of operation was 
negligible. Allowing the fuel bed to 
burn too low before refueling, a sit- 
uation apt to occur only in very mild 
weather, will of course make it im- 
possible for the operator of a down- 
draft coking furnace to avoid the pro- 
duction of a light smoke for a more 
extended period. However, if the fore 
part of. the inclined pin-hole grate is 
properly cleared of ash, a hot flame 
is soon established below the baffle 











Fig. 7—Vertical cross-section of tew 
furnace with radiator removed ap 


with down-draft burner in plac 
wall and the smoke produced 
duced to a minimum. 

Down-Draft Conversion Burner 


The down-draft coking pri: 
was first applied to conventio: 
draft furnaces by means of the A 


baffle developed by Victor J. Azbe, &: 
Louis, Mo., about 1926. The results o 


tests with the Azbe baffle mac 
Mr. Azbe’s direction by Prof 
Mohn at the Firing School in Si 
during the summers of 1927 a: 
suggested the idea of the dow 
conversion burner to the senior : 
in January 1936. As a result of a 
number of tests in more than a 
of home furnaces and the const: 
of nearly sixty experimental 

it is believed that a practical 
has been developed. Fig. 6 is a 
graph of the burner used in n 
tests’ made in the Mechanica 
neering Laboratory at the U: 
of Illinois. Fig. 7 shows a long 
vertical section of a warm ai! 
with a burner in place. Fig. 7 s! 
the condition of the fire imm: 
after placing a charge of f: 
The principle of operation is e. 
the same as that of the do 
coking furnace. Each charg: 
coal is coked in the burner w 
coke from the preceding « 
burned in the fire pot of th« 
The secondary air enters t! 
through a slot above the fir 
passes through a horizontal! 
sage in the hollow roof, 
through vertical passages in | 
and side walls. It then emerges 
the bottom of the walls where it! 
with the gases from the coking 
The gas-air mixture is ignited 
coming in contact with the 
cent coke from the previous g 
in the down-draft coking furne 
down-draft conversion burn 
installed in a conventional fun 
a few minutes without making © 
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Heating, Piving & Air Conditioning, August, 19483—ASHVE Journal Sect” 


eo 























ehh ales + ee he 



































. 
d 
- 
- 
t 
a 


ne 


on 





changes in the furnace other than the 
insertion of the burner through the 
firing door opening. After the instal- 
lation of the burner a conventional 
furnace possesses all of the advanta- 
ges of the down-draft coking furnace 
except for the absence of the inclined 
pin hole grate. 

During the winter of 1941-42 a 
down-draft conversion burner was in- 
stalled in a warm air furnace heating 
a two story wooden building having a 
calculated heat loss of 346,000 Btu 
per hour based on an assumed outdoor 
temperature of 0 deg. F. A record 
was kept of the fuel consumed in the 
furnace and of the temperature main- 
tained in the living quarters of the 
structure. Simultaneous fuel consump- 
tion and temperature records were 
also kept for an identical building 
heated by an identical furnace fired 
by the same fireman from the same 
pile of Jackson County, Illinois coal. 
Records were kept for a six weeks 
period covering almost a complete 
range of winter weather conditions. 
The results proved that less fuel was 
burned in the burner equipped furnace 
in every type of weather experienced 
during the test, and that the average 
saving in fuel effected by the burner 
was 24.1 per cent, based on the weight 
of fuel burned in the other furnace. 
The temperature in the living quar- 
ters was much more uniform in the 
building that was heated with the 
burner equipped furnace, and though 
there was far less overheating the 
average temperature exceeded by 3.8 
degrees, the average temperature 
maintained by the furnace that was 
used in the conventional manner. 


Other Possible Applications of the 
Down-Draft Coking Principle 


Since the down-draft coking prin- 
ciple applies only to the method of 
burning the fuel and is not affected by 
the design of the heating surface for 
utilizing the heat liberated, it is be- 
lieved that it can be applied to stoves, 
boilers and water heaters as easily 
as to warm air furnaces. An attempt 
is now being made to apply the prin- 
ciple to a simple space heating stove. 
The authors believe that the down- 
draft coking principle offers the clos- 
est possible approach to 100 per cent 
smokeless combustion of high volatile 
fuels in hand-fired heating appliances, 
and an attempt will be made to de- 
velop all of the many possible appli- 
cations in the near future. 


Appendix 


Kindling a Fire. The correct pro- 
cedure to use in starting a fire in a 
cold furnace of the down-draft coking 
type is to clear the greater part of 
the inclined pin-hole grate, fill the 
fire pot with coal to a level 3 to 4 in. 
below the bottom of the baffle, place 
several short sticks of dry wood on 
top of the coal and ignite the wood 
with a few pieces of crumpled paper. 
In 3 or 4 hours, after the starting 
charge is thoroughly coked, the coke 
in the fire pot may be broken up and 


a charge of fresh coal placed in the 
coking chamber. It is easier to start 
a fire in a down-draft coking furnace 
than in a conventional furnace because 
the fire pot is more accessible from 
the firing door opening, and while it 
is impossible to avoid the production 
of a light smoke from the starting 
charge, the coal is ignited at the top 
and burns from the top down with 
plenty of secondary air supplied di- 
rectly over the surface and, as a re- 
sult, the density of the smoke pro- 
duced by the starting charge is much 
lower than the minimum density pro- 
duced in kindling a fire in a conven- 
tional furnace. 


Discussion 


W. M. Myler, Jr., Columbus, Ohio, 
(Written): It is very gratifying to 
know that the Experiment Station of 
the University of Illinois has been 
able to successfully apply the down- 
draft coking principle to a hand-fired 
domestic furnace which is simple 
enough in operation that it has a rea- 
sonable chance of performing satis- 
factorily in the hands of the average 
housewife. 


It is particularly gratifying that 
this system of combustion can be ac- 
complished satisfactorily by means of 
a conversion burner which can be in- 
stalled in an average furnace. If this 
were not possible, the use of this 
method of combustion would be post- 
poned indefinitely. 


In normal peace times, the smoke- 
less feature of the operation would 
undoubtedly be the one which would 
command primary interest. At the 
present time, when transportation 
facilities are strained to the utmost 
in being able to supply fuel for all 
purposes, anything that would sub- 
stantially increase the fuel economy 
of a domestic hand-fired furnace 
should be given whole hearted en- 
dorsement. It is, of course, too good 
to hope that in the hands of the aver- 
age housewife that as high efficiency 
would be obtained as is reported in 
these tests. If we consider, however, 
that the average housewife with her 
present equipment is attaining prob- 
ably only a maximum of 50 per cent 
overall efficiency, and that with this 
new equipment it appears to be 
possible for her to obtain half the 
possible increase, thus permitting her 
to obtain 60 per cent efficiency, this 
would represent a fuel saving of ap- 
proximately 16% per cent, which is 
certainiy a well worthwhile saving. 
In addition the smokeless benefits 
would be achieved at the same time. 


It would seem that with the pros- 
ts of such a large increase in ef- 
ciency within the range of probabil- 
ity, it might be possible to get the 
government powers, having jurisdic- 
tion, to allocate sufficient metal to 
make up conversion burners, at least 
in limited quantities, to take advant- 
age of this fuel saving. 


In reviewing the deta presented in 
Table 1, the question has arisen in my 
mind regarding the item grate loss, 
Btu per pound of fuel, which is 
shown as 847 Btu per pound of fuel for 
all rates of combustion. In view of 
the fact that the weight of ash was 
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determined as a total for the entire 
series of tests, this is the only way 
that this could be recorded. It has 
been the writer’s past experience, 
however, that the grate loss is not al- 
ways the same for all rates of com- 
bustion. Quite frequently at the low- 
er rates of combustion, more un- 
burned carbon will find its way into 
the ash, so that it would seem that 
the reported results may show too 
high an efficiency for the lower rates 
of combustion and probably not quite 
sufficiently high efficiency for the two 
higher rates of combustion. 

The effect of such a change would 
be, of course, to flatten out the ef- 
ficiency curve and actually give an in- 
crease in efficiency at the higher rates 
which are the rates at which the fur- 
nace would be operating during a con- 
siderable portion of the time and per- 
haps at which it would show a large: 
saving of fuel. 

C. F. Newport, Chicago, Ill. (Writ- 
ten): A hand-fired boiler or furnace 
that will warm the home to a desired 
temperature for long periods without 
attention is most desirable. Long fir- 
ing periods can be had by burning 
anthracite; and long coaling periods 
with even room temperatures under 
varying weather conditions can be had 
when burning the smaller sizes of an- 
thracite in a magazine feed type 
boiler. 

A long firing period with bitumin- 
ous coal is more difficult to obtain 
The authors seem to have achieved 
long firing periods when burning high 
volatile bituminous coal by coking the 
coal before burning it and thus elimi- 
nating objectionable smoke. Instead 
of feeding the coal to the fire by 
gravity from a storage magazine 
(which is a difficult proposition with 
soft coal) they feed the coal to the 
fire by hand after it has been coked 
in a coking chamber that holds 
enough coal for one firing period or 
cycle. 

The draft pull for the furnace is 
held constant (apparently by a baro- 
metric draft control) and the heat 
output is controlled by a choke damp- 
er close to the furnace. It seems 
doubtful if this damper can be con- 
trolled by an _ ordinary electric 
thermostat and damper motor be 
cause of its off and on positions, but 
the ideal automatic control would be 
one obtaining a gradual control by 
varying the position of the damper to 
suit the room temperature require- 
ments. 

Will gases escape through the air 
inlet to the coking chamber or the air 
inlet to the baffle, if the choke damper 
is closed enough to hold the fire in 
check, when little or practically no 
heat output is required? 

Since air entering the furnace 
through the three air inlet ports must 
be proportioned correctly for proper 
results it seems that the correct set- 
ting of each of these ports will require 
the services of an expert. Even 
though they were set at the factory 
it would still be necessary to adjust 
the barometric control in the smoke 
pipe to maintain a constant draft pull 
through the furnace. These condi- 
tions can be obtained in a laboratory, 
but for successful operation similar 
conditions must be obtained in the 
field, where varying conditions of in- 
stallation prevail. 


435 


ee ee ee ee a a a ae 


















Will tar and condensed moisture 
form on the walls and door inside 
the coking chamber, when burning 
certain types of coal? 

As the method of firing is different 
from that with which the ordinary 
home owner has become familiar with 
he will very likely require special in- 
structions on how to fire for proper 
results. Although the performance of 
the furnace has shown such good re- 
sults from the tests, it remains to 
be seen how it will perform in the 
field. 

R. A. Sherman, Columbus, Ohio 
(Written): The commendation which 
it is customary for a discussor to ex- 
tend in his opening remarks has been 
well earned by the authors, as the 
senior author has spent seven years 
to develop the furnace described. 
However, in consideration of the dif- 
ficulties of the task of accomplishing 
smokeless combustion in a _non- 
mechanical device and the many man- 
years of effort that have previously 
been expended on the task, this price 
is not great. 

The opening statement of the paper 
that the temperature required to 
ignite a coal gas-air mixture is much 
higher than that required to release 
the volatile matter from the coal is 
somewhat exaggerated. Although it 
is true that volatile starts to be driven 
from coal at 700 to 900 F, the range 
in which it is rapidly released is in the 
same range as the ignition tempera- 
ture of the gases, that is, 1100-1200 F. 

The difficulty from smoke in hand- 
fired furnaces is usually not that a 
high enough temperature does not 
exist at some place in the furnace 
for the ignition of the volatile, but 
that this temperature is not main- 
tained in the zone where the volatile 
can meet air for its combustion. 

Control of the rate of liberation of 
the volatile matter to match the rate 
of admission of secondary air is es- 
sential for smokeless combustion. 
The authors control that rate by the 
rate of admission of coking air 
through the charge of coal. It is in- 
teresting that they have found it pos- 
sible to place the control of the rate 
in the size of the orifice through 
which the air is admitted and inde- 
pendent of the resistance of the fuel 
bed. Data on the pressures in the 
various parts of the furnace during a 
complete cycle would be a valuable 
addition to the paper. 

The efficiencies reported in Table 
1, and in Fig. 3, are surprisingly 
high, and it is to be regretted that the 
heat balance data were not more com- 
pletely given. The calculation of the 
ash pit loss as uniform for all rates 
is not justified but probably intro- 
duces mo great error. No data are 
given for the loss in CO and it is as- 
sumed that they are included in the 
stack losses or that there were none. 
_The heat output and efficiencies 
given are obtained by difference be- 
tween the heat input and the sum of 
the stack and ash pit losses. They 
thus include the radiation and any 
unmeasured losses. The values would 
be more convincing if at least one di- 
rectly measured efficiency were given 
or if a test had been run with coke 
or anthracite with which the unac- 

counted losses are all very low. 
To gain some conception of the 
agreement between the directly and 
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indirectly measured efficiencies, the 
writer calculated the output in the 
high rate test reports in Table 1. The 
output was calculated from the value 
of 700 cfm, given as the approximate 
rate of air circulation, and the rise 
in temperature, This gave a value of 
55,188 Btu per hour for the output 
and 57.1 per cent for the efficiency 
as compared to the values of 69,172 
and 71.6 per cent which the authors 
calculated by difference. It is pos- 
sible, of course, that the air flow was 
in error by that amount. 

It is to be hoped that the authors 
will obtain further confirming data on 
the directly-measured output and ef- 
ficiency in their future tests. High ef- 
ficiency is a desirable feature, al- 
though possibly less essential than 
smokeless operation, but if the latter 
is obtained by complete combustion of 
the volatile hydrocarbons normally 
lost, high efficiency will naturally 
follow. 

The furnace is not foolproof for, 
as the authors point out, it is essen- 
tial that it be fired at proper inter- 
vals, but this is surely not too much 
to ask of the users if they are to re- 
ceive the benefits described. 

M. W. McRae, Chicago, Ill., asked 
the authors if they had any difficulty 
with the stationary grate burning out 
due to most of the ash being deposi- 
ted on the shaking grate, and also if 
any trouble had been experienced 
with breakage of the down-draft 
ducts, which he understood were 
made of refractory. 

Professor Fellows: I shall consider 
the questions as presented. (1) There 
was a question about smoke backing 
out of the door. I am not sure 
whether the questioner had in mind 
the firing door or the secondary air 
ports. The authors have not experi- 
enced the slightest tendency toward 
smoke backing out through either of 
those openings. There is a _ very 
strong draft effect in those small ver- 
tical flues, in which the burning takes 
place. It has been the authors’ experi- 
ence that the furnace in the labora- 
tory will operate successfully on a 
draft at the smoke collar as low as 
one-thousandth of an inch of water. 
As a matter of fact, the authors have 
actually operated, just as a stunt, with 
a slight positive pressure at the 
smoke collar. That can only be 
made possible by the phenomenon 
known as static pressure regain. As 
the gases pass through the radiator 
toward the smoke collar, the tempera- 
ture of the gases decreases, the speci- 
fic volume correspondingly decreases, 
the velocity decreases, and there is a 
chance for conversion of _ kinetic 
energy to static pressure. Operation 
has been for short periods with posi- 
tive pressures as high as five thou- 
sandths of an inch of water at the 
smoke collar. The authors can say 
definitely that they do not believe 
there will be any difficulty from that 
source. 

(2) Did soot and tar gather in the 
coking chamber? There is consider- 
able accumulation of soot, but we have 
not noticed any accumulation of 
liquid tar on the side of the coking 
chamber. There is, we believe, no 
more accumulation of soot on the in- 
side of the firing door than in the 
conventional furnace. 

(3) Will special firing instructions 
be required? The technique of firing 


the furnace is extremely simple. It 
is important, of course, that the pro. 
per technique be followed. he 
technique consists simply of shaking 
the grate and pushing the coke back. 
The only rule is, just push the ek 
back as far as it can go. It pushes 
back very easily because of the shape 
of the floor of the coking chamber «nq 
the inclined pinhole grate. The av. 
thors have talked with a number of 
furnace salesmen and they seem t 
feel that it will not be difficult t 

struct the public. In the first p 

the operating instructions will be ver 
simple; and in the second place, : 
something different. The public wil) 
not expect to know how to operat 

without instructions and we beliey, 
that they will follow the simple i: 
structions that will be furnished. 

(4) Will the draft control be ef. 
fective? It will be necessary, as ji; 
any hand-fired furnace, for the opera 
tor to use judgment in firing the fur 
nace in very mild weather during th 
early fall and late spring. He wi! 
experience overheating if he puts ir 
a charge of coal that would be suitab| 
for cold weather. The proper pr 
cedure to use in mild weather is t 
fire a small charge of coal once ever 
24 hours, putting in the coal in t! 
evening, because invariably the nights 
are cooler than the days. The vola- 
tile matter will then be burned of 
through the night when there is mor 
demand for heat and the coke wil! 
hold fire through the day without th 
production of much heat. 

(5) Should grate loss be the sam 
for all rates of combustion? The av- 
thors thoroughly agree on the varia- 
tion of grate loss with different com- 
bustion rates, but they had no other 
way of determining the grate loss, as 
there was not sufficient time availabl 
for running long tests at each com- 
bustion rate. 

The authors disagree with Mr. Sher 
man’s comment, that the opening 
statement of the paper is exaggerat- 
ed. S. W. Parr and H. L. Olin reached 
the following conclusion after exhaus- 
tive studies in the coking of Illinois 
coal‘: Coals of the Illinois type ca: 
be coked at a temperature approxi 
mately 400 deg to 450 C (450 deg 
C corresvonds to 842 deg F). J. W 
McDavid® concluded that a tempera- 
ture of 1500 F is required to insur 
the instantaneous ignition of a coal- 
gas-air mixture when it is heated by 
the sudden application of a hot bod) 

Parr and Olin’s experiments indi- 
cate that all of the smoke-forming 
hydrocarbons in Illinois coal are con- 
verted to the gaseous state at tem- 
peratures below 842 F, whereas Me- 
David’s experiments indicate that 2 
temperature of 1500 F is required to 
insure the ignition of all of them 

If smokeless combustion is to 
achieved, all smoke-forming sases 
must be mixed with air and the mix- 
ture must be forced to pass som 
point in the furnace where the tem- 
perature is high enough to insure ! 
ignition. : 

The authors agree with Mr. Sher- 
man that further tests to determine 


‘The Coking of Coal at Low Ter 
tures, University of Illinois Engir 
Experiment Station Bulletin No. 60 

"The Temperature of Ignition of (2s 


ous Mixtures, Transactions, Chemi 5S 
ciety (London), Vol. 3, 1917, pp. 100.-+% 
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the bonnet efficiency should be made 
at the first opportunity. While it is 
essential that the furnace be re-fired 
after the completion of the coking 
process and before the greater portion 
of the coke is consumed, this interval 
during which the furnace may be pro- 
erly attended would continue for sev- 
eral hours under the operating con- 
ditions experienced in normal winter 
weather, eee And 

Concerning air distribution and con- 
trol we refer those interested to a 
paper® recently published, in which it 
js pointed out that orifice size rather 
than fuel bed resistance determines 
the air distribution. : 

The authors wish to express their 
appreciation to those who have taken 
the time to carefully read this paper 
and prepare written comments. 

Mr. McRae questioned about the 
stationary grate burning out. This 
grate was carefully examined just be- 
fore leaving Urbana, scraping it 
clean and examining it from both 
sides after approximately 5 months of 
operation, part of the time at maxi- 
mum combustion rate. Not the slight- 
est tendency toward distortion or 
oxidation was detected. Of course 
the burning coke does lie directly on 
the grate and the grate is not pro- 
tected by ash; however, some air is 
continually passing through the grate 
and the sailor seems to be sufficient 
to prevent overheating. The pinhole 
construction prevents localized areas 
of intensive burning and this is a 
help in preventing damage to the 
grate. This arrangement also re- 
duces the tendency toward forma- 
tion of clinker. As a matter of fact, 
it definitely eliminates the formation 
of clinker. We have not had any ten- 
dency toward clinker formation with 
any types of coal used, and some of 
the coals used have been coals like 
catlin coal, which has a very strong 
tendency toward clinkering. In other 
words, it has an ash with a very low 
fusion temperature. 

Mr. McRae also questioned the 
downdraft refractory flues. The au- 
thors have not had as much experi- 
ence with that construction for the 
baffle wall as they would have liked, 
but no difficulty was experienced up 
to this time. The refractory problem 
was discussed at length with officials 
of a large refractory company. The 
furnace in its present stage is pure- 
ly and simply a refractory problem, 
and its success depends on whether 
or not any difficulty with the refrac- 
tory arises. The authors have been 
experimenting with refractory shapes 
in the construction of the baffle wall 
for about two years, and they have 
had no difficulty with any of the 
shapes used. Unfortunately, the au- 
thors have not had a long experience 
with the particular design that is be- 
ing used right now. 





‘An Improved Hand-fired Furnace for 
Aigh-volatile Coals, ASME Transactions, 
pril 1942. 





REME ORGANIZED 


To meet a long felt need of the 
British Army a new corps, the Royal 
Electrical and Mechanical Engineers, 
Was officially organized on October 1, 
1942 for the purpose of conserving the 
nation’s technical manpower and to 
coordinate the electrical and mechani- 


cal military engineers into one body. 
The REME embraces almost the 
entire range of mechanical fields and 
the functions of the Corps are briefly 
as follows: 


1, Inspection and maintenance of 
tanks, wheeled vehicles, all artillery 
(including field, anti-aircraft, and 
coast defense) small arms and ma- 
chine guns, radiolocation, fire control, 
and all other instruments, tunnelling 
equipment, pumping sets, and the in- 
stallation of coast artillery machinery. 

2. Repair of all the above equip- 
ments consequent upon ordinary wear 
and tear, or battle casualties. 

3. Investigation into defects of 
design and recommendations for im- 
provements. 

4. Advice on prototype design from 
a maintenance angle. 

The announcement of the authori- 
zation and the formation of this new 
branch is given in the Journal of the 
Institution of Mechanical Engineers 
(September and November 1942). 

In a talk before a meeting of the 
Institution on February 12, 1943, Col. 
R. B. Maxwell, Assistant Adjutant 
General, REME, described the forma- 
tion of the Corps, the field organiza- 
tion, the need for engineers in large 
numbers for the fighting services, and 
the industries behind the lines. 


PRESERVING BOOKS BY 
AIR CONDITIONING 


The following list of references on 
the preservation of books by air con- 
ditioning has been supplied by the 
New York Public Library through the 
courtesy of Paul North Rice, Chief of 
Reference Department: 


BeckwitH, T. D., et al. Deterioration 
of Paper; The Cause and Effect of Fox- 
ing. In: University of California at Los 
Angeles. Publications in Biological Sci- 
ences, v. 1, No, 13, 1940. University of 
California Press; Cambridge Universit) 
Press. 


Birkett, H. S. Library Treasure Room 
Air Conditioned; Central Public Library, 
Brooklyn, N. Y. In: Heating, Piping & 
Air Conditioning, 11:558, September 193% 


Bonp, William C. The Application of 
Air Conditioning to the Addition and An- 
nex Building of the Library of Congress 
In: Library Journal, 60:277-280, April 1, 
1935. 


CHAKRAVORTI, S. Preserving the Past. 
In: Modern Librarian, 12:13-17, October- 
December 1941. Forman Christian Col- 
lege Library, Lahore, India. 


CLoutTer, E. M. Air Conditioning for 
Books. In: Fuels and Air Conditioning, 
May 1935, pp. 10-12. 


Crocker, A. S, and R. E. Cuerne. Air 
Conditioning and Mechanical Equipment 
for Modern Library Building. In: Re- 
frigerating Engineering, v. 36, July 1938 
pp. 18-15. 

CumMInNG, F. J. Air Conditioning Mod- 
ernizes Library ; Promotes Efficiency, Pro- 
tects Books. In: Heating, Piping & Air 
Conditioning, v. 7, December 1935, pp 
565-567. 

Gitcureist, D. B. Death and Destruc- 
tion on Library Shelves’ In: Medical Li- 
brary Association Bulletin, 24:100-04, De- 
cember 1935. 

Grant, I. Preservation of Documen- 
tary Records in Wartime and in the Fu- 
ture In: Librarian and Book World, 30: 
12, September 1940; 30:24-27, October 
1940. 

GRaNnT, Julius. Books and Documents, 
Dating, Permanence and Preservation. 
London, Grafton & Co., 1937, pp. 141-149. 

HANLON, R. Fifth Column in Libraries 
In: Special Libraries, 32 :259-60, Septem- 
ber 1941. 


Heating, Piping & Air Conditioning, August, 1943—-ASHVE Journal Section 





Harris, R. L. New Books or Old Books 
How to Take Care of Them. In: Califor- 
nia Arts and Architecture, 56:20-21, De- 
cember 1939. 


HILL, Brian Gas Heating for Public 
and Commercial Libraries, Museums, et 
Alex. J. Philip, Gravesend, England, 1937, 
62 pp., diagrams, plates, illustrations, 19 
cm, 


liams, T. M, and T. D. BeckwiTR. 
Notes on the Causes and Prevention of 
Foxing in Books, 1937, Huntington Li- 
brary. H. W. Edwards, 4 Cecil St., Lon- 
don, W.C, 2. (Reprinted from Library 
Quarterly, October 1935; also Pubiishers 
Circular, July 25, August 1, 1936.) 

KIMBERLY, Arthur E. Repair and Pres- 
ervation in the National Archives In 
U. 8S. National Archives. Staff Informa 
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A Forum on the Drying of Foods’ 


History and Present Scope of 
Dehydration 


By Morilla Carveth.¢ Chicago, IIl. 


D EHYDRATION OF food products, 
as practiced today, is really dry- 
ing with a college education. 

The drying or dehydration of 
vegetables is the oldest method of food 
preservation known to man. Dried 
foods found in the ancient tombs of 
Egypt in the City of the Dead indi- 
cate the sun drying or dehydration 
of some foods was an art practiced 
over 9000 years ago. 

Every major conflict has brought 
the need for foods preserved in this 
manner to the attention of humanity. 
Foods were dehydrated during the 
Boer, Civil, and Spanish American 
wars. Most of this material was of 
such unsatisfactory quality the ac- 
tivity was discontinued as soon as the 
pressing need was over. Little atten- 
tion was paid to nutritional or keep- 
ing qualities. Research and scientific 
control had not entered the picture. 


Some few spartan souls continued 
with experimental work, They had 
faith that we might be destined to find 
the answer to the problem of food 
shortages which nature and catas- 
trophe had been hurling at mankind 
since the seven years of plenty were 
followed by the seven years of fam- 
ine in Egypt. 

Dean Prescot of Massachusetts In- 
stitute of Technology, Dr. Cruess at 
the University of California, and Dr. 
Tressler of the New York Experi- 
ment Station, and others, continued to 
carry on some experimental work, but 
by and large interest in dehydration 
became almost nil during the 15 
years prior to 1941. In 1941 there 
were nine small vegetable dehydra- 
tion plants in operation in this coun- 
try. Their total capacity was less 
than 9,000,000 Ib of finished product. 
Dehydrated soups had been estab- 
lished on the commercial market. 
Irish potatoes, dried as shreds and in 
julienne strips, had been successfully 
marketed, and existing facilities were 
never able to supply the demand 
created for onion flakes and powder, 
garlic, celery, and parsley. The dried 
egg industry had committed suicide 
in 1917, along with the vegetable dry- 
ing group, but they too had reestab- 





*Three papers presented before the 
Illinois Chapter at its meeting on April 
12, 1943, at the Merchants and Manufac- 
turers Club, Chicago, Il. 
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lished themselves on a quality basis. 
The baking and confectionery indus- 
tries, and institutions, had found both 
dried egg and milk satisfactory prod- 
ucts for their use. Two large egg pro- 
ducers sold several carloads of their 
product in small packages on the 
domestic market. Their survey of 
sales clearly indicated the domestic 
commercial market was ready for 
both dried eggs and milk powder. 
Potato shreds, onion flakes, parsley, 
and garlic had been readily accepted 
by the American housewife, and 
some distribution of these products 
had been made through local grocers. 
(Average retail price per package was 
15 cents.) 

Dehydration, as an industry, was 
expanding slowly in this country. Dur- 
ing the same period, it was growing 
by leaps and bounds in Europe. In 
1938, Germany dehydrated more pota- 
toes than were grown in the United 
States. Over 1000 plants were in 
operation, and through such operation, 
they had learned the necessity for 
scientific control. In 1941, the lack 
of progress in dehydration was real- 
ized. The personnel of the nine small 
plants were called together and the 
situation discussed. The Army want- 
ed 25,000,000 Ib of these products, and 
industrial institutions had been slowly 
learning to appreciate—25,000,000 Ib, 
and the capacity of the plants in 
operation was less than 9,000,000. 

The intensive program inaugurated 
to satisfy the demand has brought 
growing pains never equalled in in- 
dustry. Much has been learned from 
these pains. 

The old natural draft dryers have 
been found unsatisfactory for present 
operations. Some forced draft tun- 
nel dryers previously operated on 
fruits in the West Coast area have 
been converted to vegetable opera- 
tions with varying degrees of success. 

The No. 1 improvement in the proc- 
ess is blanching. Blanching has been 
adopted as part of the processing of 
foods because it inhibits or renders 
inactive certain chemical components 
or enzyme systems naturally present 
in the tissues of the plant. 

The No. 2 improvement in the in- 
dustry has been the reduction in 
moisture content in the finished prod- 
uct. In 1917 and 1918, the govern- 
ment specified a moisture content of 

10 per cent in the products manufac- 


tured. We have since learned ¢ ha: 
keeping qualities of dehydrated prod. 
ucts are immeasurably improved by 
reducing the moisture content to ; 
per cent. It may well be that 5 per 
cent is a compromise with quality be. 
cause of the necessity to convert an) 
utilize existing facilities. 
No. 3 is the utilization of the kn wl. 
edge research has developed of the 
products themselves. No longer doe: 
one try to dehydrate the quick grow. 
ing, succulent varieties because cell 
structure has been studied. Th, 
physical and chemical conditions +, 
which raw materials are subj cted 
has been related to their known yus. 
ceptibilities. Mechanical variables and 
such physical variables as variety and 
age of the product are given consider. 
ation. New plant hormones an) 
other biologically active materials ar. 
being used in plant breeding. (Cop. 
trolled fertilization and irrigation ay: 
increasing nutritive values. 


Today the dehydrated food desired 
by the Army is limited only by the 
amounts obtainable. The 1943 pp. 
quirements are now estimated at 
1,750,000,000 Ib. The vegetable por- 
tion is placed at 400,000,000 Ib of this 
amount. 

No. 4 is rapid preparation. Rapi 
preparation is essential for vitamir 
retention. The advantages gaine: 
through improved cultural practices 
and rapid harvests can all be lost by 
slow, improper preparation and dry. 
ing. Due consideration must be given 
the natural characteristics of the 
products. 


_No. 5. Today there are many de- 
signs in drying units. The maiority 
of these designs are of the tunnel 
type. They are designated as counter 
parallel, cross flow, or center exhaust 
tunnels. Their names are descriptive. 
The center exhaust is a combination of 
the counter and parallel flow units 
Cabinet or batch drying units are used 
successfully in smaller operations. 
Fluid products are being handled in 
spray dryers. The use of vacuum 
units is limited because of the critical 
material involved in their construc. 
tion, but it is evident that they wil 
play an important part in the de- 
hydration picture. There are exact 
physical laws which describe accurate. 
ly the operation of every dehydrator. 
These laws may be complex, but there 
is no mystery about the conservation 
of mass and of energy and the second 
law of thermodynamics, which rule 
in all physical processes. 


Much additional research is needed. 
We must learn more about enzymes— 
their inactivation in preparation, and 
their importance in determining kee?- 
ing qualities. Preparation and drying 
time must be shortened. The Ameri- 
can housewife will demand (1) high 
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nutrition; (2) palatability; (3) ap- 
pearance and texture; (4) ease of 
preparation or reconstitution; (5) low 
cost; and (6) excellent keeping quali- 
ties. With these six qualifications, 
dehydrated food will take its place 
alongside the other established types 
of food—fresh, canned, and the new- 
er frozen products. The ultimate 
scope of the industry depends partly 
on the duration of the war. The in- 
yestment in dehydration plants now 
in operation will vary from $50,000 
to $300,000. Two hundred of them 


will be in operation in the near future. 
Plant management is going to protect 
that investment. Some of the finest 
industrial scientific brains of the 
country are working to improve the 
product and reduce the cost. 

Surely, the possibilities of an in- 
dustry with these requirements is a 
real and practical challenge to the 
engineering brains of this country. 
May they do as well in meeting it as 
they have in the older canning indus- 
tries, and in the relatively young 
frozen food industry. 


Tunnel Dehydration 


(Vegetable Drying) 
By David A. Forberg,** Chicago, Ill. 


Berore WE get into the discus- 
sion of tunnel dehydration, a little 
time should be spent following the 
product from the field up to the point 
of drying. This example is going 
to deal with white potatoes. As these 
potatoes come from the field or the 
storage bin, they are usually put 
through a washer to remove the field 
dirt and then graded as to size. This 
is followed by mechanical peeling 
which may consist of one of several 
types. There is the abrasive peeler 
—either batch or continuous—lye 
peeling, or the less common flame 
peeler. The flame peeler consists of 
a hot chamber through which the 
potatoes pass. The temperature in 
here is around 2000 F. This chars the 
skin of the potato and a subsequent 
high pressure wash removes most of 
the burned skin. Following the peel- 
ing, the potatoes go to a trimming 
table where any bad spots are manu- 
ally removed. The potatoes are then 
put through the cutters, which may 
either be a dicer or a stripper. This 
is usually followed by a light wash 
and the potatoes are then blanched 
in live steam to inactivate the 
enzymes. Another wash follows the 
blanching to remove the starch and 
the potatoes are then ready to be 
loaded on trays. This preparatory 
schedule varies for each vegetable, 
but usually follows the same general 
procedure. The success or failure of 
a dehydration project is more often 
‘han not found in this phase, as no de- 
hydrator will turn out a better prod- 
uct than is put into it. 

The dehydrator is the means of re- 
noving moisture from the prepared 
food. Present specifications call for 
moisture content of not exceeding 5 
er cent for the average vegetable. 
is goes as low as 4 per cent for 
abbage and as high as 7 per cent 
or potatoes, 














..* Drying Engineers and Constructors. 
'v., Air Comfort Corp. 


This presents quite a problem if we 
are going to do it in a reasonable 
length of time and still get the pro- 
duction that is required. The idea is 
to dry these vegetables as quickly as 
possible without injuring them. Dur- 
ing the first stage of drying, a large 
amount of surface moisture will 
usually protect the product from 
scorching. During this time, the 
temperature of the product itself is 
approaching the wet-bulb tempera- 
ture of the air. As the product dries 
and the surface moisture disappears, 
two things happen. The effect of 
evaporative cooling diminishes and 
the product temperature tends to 
approach the dry-bulb temperature of 
the air. In this stage, it is necessary 
to lower the temperature in the dry- 
er or scorching will result. Another 
troublemaker is case hardening. This 
is usually caused by too rapid drying 
and the outer surface becomes hard 
and will not let the inner moisture 
pass through it to be evaporated. 
Proper control of temperatures and 
humidities will overcome this. 

The tunnel dehydrator, with the 
exception of the continuous belt type, 
is made up of the casing or enclosure, 
heating equipment, fans, food trucks, 
trays, and controls. 

The dehydrator, itself, is of varying 
size, depending upon the design and 
capacity. It is usually constructed 
of insulating material so that the 
radiation losses will be kept to a mini- 
mum. Heating equipment in this part 
of the country is usually steam and 
blast coils. However, many tunnels 
are direct fired, using either gas or 
oil. The products of combustion pass 
directly over the food. 

The more popular fan is the regu- 
lar centrifugal type blower, which is 
usually needed as static pressures 
ordinarily run in the neighborhood of 
2 in. 

Trays are made in quite a few sizes 
and designs. The all metal tray, with 
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the proper finish, is the best. This 
type has less tendency to cause stick- 
ing, is easily cleaned, and has a good 
heat transfer factor. Probably most 
of the trays in use at the present time 
are made of wood or wood sides, with 
woven wire bottoms, due to priorities. 
Trucks may be anything from factory 
fabricated to a rough skid. 

Nearly every dehydrator is short 
on controls. Many of them have con- 
trols that are not working properly, 
or are not in good repair. It is not 
unusual to find wicks on wet-bulb 
thermometers caked up or the inlet 
valves to the pans completely clogged. 
I recently visited a plant where the 
wet-bulb wicks had not been changed 
for over a year. There is room for 
quite a bit of improvement in this 
phase, and it will have to come if high 
quality material is going to continue 
to be turned out. 

Each dryer should have at least a 
wet-bulb and a dry-bulb thermometer 
on the entering air and a dry-bulb on 
the leaving air. A good many are 
now working satisfactorily with less, 
but when something goes wrong, it is 
pretty hard to pin down the trouble. 
The wet-bulb depression on the enter- 
ing air will give you a definite avail- 
able capacity, and the difference be- 
tween the entering and leaving dry- 
bulb will give you some idea of how 
much work is being done. Naturally, 
it is better to use recording instru- 
ments if these can be secured, but in- 
dicating types will do. This will 
necessitate making a chart and keep- 
ing a permanent record of the differ- 
ent temperatures during the drying 
process. 

There are several basic types of 
tunnels. These have been used with 
varying degrees of success around the 
country. The parallel flow tunnel de- 
rives its name from its method of 
operation. The food and air move in 
the same direction. The moist food 
enters the hot end of the tunnel and 
the hottest air hits it first. This re- 
sults in very rapid drying during the 
initial stage of the process. This 
early drying tends to dissipate the 
heat and increase the relative humid- 
ity of the air. Consequently, the dry- 
ing capacity of the air in the later 
stage is practically nil. It is for this 
reason that a complete drying cycle in 
the parallel flow tunnel usually takes 
quite a long time. 

The counter flow tunnel is just the 
reverse as to air and food flow. In 
this tunnel the hottest air comes in 
contact with the driest food. This 
gives good drying in the later stages. 
However, the temperature of the 
entering air must be below the critical 
temperature of the product. By the 
time the air is passed up to the wet 
end of the tunnel, the capacity for 
work has been greatly reduced. For 
this reason, the drying times in the 
counter flow tunnel are also rather 
long. 

Since, for the war effort, Canada 
has been dehydrating longer than we 
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have, they have perfected a practical 
mass production unit known as the 
Eidt tunnel which has been copied in 
this country with some variations. The 
fundamental principle of this tunnel 
is that the product is exposed to high 
temperature air at the beginning of 
the process, air of lower temperature 
as the drying progresses to avoid 
seorching. However, as dry air as 
possible is used at the finish so dry- 
ing will be complete. 


In order to accomplish this, air is 
introduced from both ends of the tun- 
nel and flows parallel with the prod- 
uct during the start of the process, 
and counter current during the last 
portion. The air is exhausted near 
the center and for this reason, this 
tunnel has been called the “center ex- 
haust” in this country. 

Provisions are made for recirculat- 
ing the air to the most economical ex- 
tent. There are two entirely separate 
fan systems with heating coils, damp- 
ers, and automatic control valves for 
temperature regulation. The con- 
trols are usually mounted so the tem- 
peratures can be regulated at two or 
more places. An average tunnel of 
this type is about 90 ft long, holding 
15 trucks, with trays about 8 ft long 
and 4 ft wide. This will handle about 
20 tons of raw product per day, giv- 
ing about 3 to 3% tons dried potatoes. 
These tunnels are usually built in the 
field under a construction contract. 
Another variation of this is the so- 
called multiple tunnel which consists 
of one parallel flow, used as a pre- 
dryer, and two counter flow tunnels 
used as finishing tunnels. This uses 
the best features of each type and 
may have some possibilities. 

The transverse flow tunnel is one 
in which the air flow is transverse 
rather than longitudinal. In the better 
tunnels of this type, provision is made 
for discharging a measured quantity 
of air directly across each tray to 
insure uniform distribution. These 
tunnels are usually short, having at 
least two fan systems with indepen- 
dent outside and exhaust air connec- 
tions. This permits different tem- 
peratures to be carried in each sec- 
tion. The principal advantage of this 
type is that the air passes over each 
tray only once before it is reheated 
and dry air added. In other words, 
the air gets a shot at only one tray 
before it is reconditioned. This ar- 
rangement makes it possible to use 
the highest temperature air at every 
tray and at each phase in the drying. 
It also gives very good control over 
each section since their operations 
are independent of each other, Air 
is introduced over the trays through 
an injector type nozzle. The amount 
of air handled in one of these dryers 
is usually large and this is consider- 
ably increased due to the induced air 
flow made possible by the nozzle de- 
sign. These tunnels are a rather re- 
cent development, but they have been 
thoroughly tested in actual operation. 

One trend in drying interests me 
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very much. While drying vegetables, 
it has been noticed that most of the 
moisture is given up very rapidly in 
the first half of the process. Some 
tests on white potatoes were run re- 
cently. Moisture samples were pulled 
at 2 hours and were found to be ap- 
proximately 15 per cent. The next 
2% hours were spent reducing the 
moisture content to below 7 per cent. 
Obviously, this is a great waste of 
time and tray space in the dehydrator. 
This has given rise to the finishing 
bin or equalizing bin. These are 
usually nothing but a v-shaped bin 
into which the partially dry product 
is emptied. A relatively small amount 
of air is forced directly through the 
product. This air is kept below the 
critical temperature. Using a finish- 
ing bin permits a shorter drying 
schedule in the dehydrator and also 
equalizes the moisture content of the 
entire charge. 

On some products, notably onions, 
due to their low critical temperature, 
it is necessary to use artificially dried 
air in the finishing bin in order to dry 
them completely. Experiments have 
been carried out with silica gel and 
refrigeration, and proven very satis- 
factory. In some localities where 


a high wet-bulb is prevalent, such 
equipment will be a necessity and ‘he 
entire packaging room may have to 
be air conditioned. This, of course. 
depends on the locality and the prod. 
uct as some vegetables are much more 
hygroscopic than others. 

Heating and ventilating engin 
can contribute a good deal to this 
industry because of their know!«ige 
of air and heating equipment. Ai; 
flow is still a major problem in most 
dehydrators, and could stand quite a 
bit of renovating. The steam piping 
in some plants is a disgrace. | itt) 
or no attention has been paid to nor. 
mal practices and, consequently, the 
operation is very sluggish. One thing 
to remember in dehydrator design js 
that while all vegetables dry some- 
what the same, a different schedule, as 
to time and temperature, must be 
worked out for each different type of 
vegetable and for each specie. This 
can only be done by actual experiment 
In the event you are called upon t 
design a dehydrator, much actual ey. 
perimental work must be done first 
in order to be sure, and then when you 
have this work finished, you had bet. 
ter ask yourself how good a gambler 
you are before you go ahead. 


The Spray Method 
(Liquid Drying) 
By Samuel Van Deest,ff Chicago, Ill. 


Dayne IS a very ancient art, but 
one for which the amount of accurate 
information is quite meager. It may 
be divided into: 


1. Drying of solid material, i.e., 
material in which the solid phase pre- 
dominates and the moisture present is 
there as capillary moisture. 


2. Drying of liquids, i.e., material 
which is in solution or suspension. 
This is known as “evaporation to dry- 
ness” in laboratory procedure and is 
but one phase of the general subject 
of evaporation. 


Fundamental Theory 


The process of evaporation depends 
on the part that liquids exhibit, a 
phenomenon known as vapor pressure. 

Ways of increasing the amount of 
evaporation from solutions imme- 
diately suggest themselves: 


1. Heat the solution (increase its 
vapor pressure). 


2. Heat the air it is exposed to 
(decrease its vapor pressure). 


8. Remove the air as fast as it 
becomes saturated. 


~ ¢#Production Specialist, The Douthitt 
Corp. 


A fourth way, not so obvious, is t 


increase the surface of the liquid ex- 
posed to the air. Evaporation is a 
molecular phenomenon and _ takes 


place because molecules of the liquid 
escape from the surface. Evidently 
if the surface of the liquid is doubled, 
twice as many molecules of liquid 
may escape as before. From this ané 
the first two ways described, the ger 
eral law of evaporation of liquids ma 
be put thus: . 

The rate of evaporation of a liquit 
is proportional to the surface expose? 
and to the difference in vapor pressure 
of the liquid and of the medium * 
which it is exposed. 


The medium usually used in spre) 
drying is air. It is heated by stea™ 
coils or other means and blown into 


the drying chamber. 

The specific heat of air is lov 
(0.2375 as compared to 1 for water); 
consequently, large volumes of 3! 
are necessary. The air serves the pul 
pose of furnishing some of the heat 
for evaporating the water and @* 
as a means of carrying the wate’ 
away. Some of the heat necessary © 
do the evaporating comes from withit 
the product sprayed. The more he#! 
we are able to put into the produ! 
itself before spraying without damar 
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ing that product, the more efficient 
will be our drying operation. 

Some of the heat of the air is lost 
in evaporating the water. At the 
same time the air is giving up its 
heat it is losing its ability to hold 
moisture, so obviously the air must 
not be cooled below the saturation 
temperature for the water it is carry- 
ing, nor, equally obvious, can more 
water be evaporated from the spray 
than the quantity which will corres- 
pond to the maximum vapor pressure 
of water at the temperature in the 
drying chamber. It follows that the 
maximum temperature of the air in 
the drying chamber is the temperature 
at which the air becomes saturated if 
drying is to take place. 

Since the rate of evaporation de- 
creases aS we near the saturation 
point we are limited in the degree of 
saturation by the length of time the 
droplet and powder particle remain 
in the system. Since spray drying is 
, very rapid process we are often 
limited to only a fractional part of 
what would be saturation. The lower 
ur moisture content requirement the 
lower will be this percentage of 
saturation. For instance, there is a 
tage at which an equilibrium will be 
established. Roughly the correspond- 
ng relative humidity for a 4 per cent 
oisture product is 30 per cent. 
bviously, a product is not in a spray 
iryer long enough to reach a true 
quilibrium—nevertheless such a rela- 
ionship exists and we must be guided 
y it when determining the amount 
pf water that can be removed in a dry- 
ng chamber. 

Any product, regardless of its 
merits, must fill a real need in the 
ommercial field in order to promote 
esearch and development of its 
echanical functions. 

More and more products are being 

troduced on the market in powdered 
orm as the public recognizes the sav- 

g and convenience of the use of 
owdered products. The development 
nd widespread use of some of these 

ms will be brought about by the 
ecessity of concentrated foods to 
arry on this present war. 

The spray system has contributed 

eatly in this present war effort to 
rovide high quality dried food for 

t fighting men and our allies, and 
y the same token the present ex- 

ansion of dried food use has brought 

bout changes in it to improve quality 

d capacity. 

One particular design comprises a 

mplete unit in that no vacuum pan 

required to inerease the solids con- 
tof those products which are low 
solids. It isa recognized fact that 
© cost of making a pound of powder 

Ss up rapidly when a liquid low in 

ids is sprayed into a drying cham- 

tr. The reason for this is obvious, 
the cost is in direct proportion to 

* number of pounds of water re- 

fen that a product containing 

val 7 to each 100 lb of water 
ich ort approximately twice as 
ry as a product containing 


20 lb of solids per 100 lb of water, 
when the cost is based on the pound 
of powder basis. Therefore, the 
higher the concentration consistent 
with a product that can be atomized 
properly the lower the drying cost 
per pound of powder. 

All types of dryers have a top limit 
to which they can go to in percentage 
of saturation for each particular 
moisture content powder. The lower 
the moisture requirement for the pow- 
der, the lower will be the percentage 
of saturation for that particular dry- 
ing chamber. If the air moves 
counter-current to the liquid being 
sprayed, so that the air as it is pass- 
ing to the exhaust meets the product 
being sprayed just before leaving the 
chamber, a higher humidity in the air 
being exhausted can be attained. This 
would be quite a factor in the ef- 
ficiency of a drying chamber. 

The spray nozzle is placed in the 
center of the drying chamber at the 
top of the cone. As the product is 
sprayed it comes in contact with the 
most humid air, because this is the 
air that is ready to leave through the 
pipe just above the nozzle. The small 
droplets are now moving away from 
the nozzle and are traveling in a 
cyclonic direction and at the same 
time they are traveling down and also 
toward the outside wall due to the 
centrifugal force. The droplet then is 
passing first through a humid zone 
and as it travels it is passing through 
various zones of air, each one slightly 
dryer until it has almost reached the 
cone shaped wall, when it is in a 
medium of the dryest air in the sys- 
tem. The powder is almost dry but it 
has still not reached the bottom of the 
cone. To get to the outlet at the bot- 
tom of the cone it is passing through 
fairly dry air of a temperature of 
about 180 F in the case of milk and 
about 145 F in the case of eggs. An 
automatic recording thermometer 
registers the temperature in the cone 
and it is this temperature which is 
used to control moisture to a very 
definite point. The cone temperature 
is the controlling factor of moisture 
since this is the zone where our final 
drying takes place. One of our prin- 
cipal customers at one time asked us 
to place the thermometers at the top 
of the drying chamber to record the 
outgoing air temperature which is 
usually about 160 in the case of milk. 
This was soon discontinued as we 
learned that we had precision con- 
trol of our moisture when the cone 
temperature is controlled, but this did 
not hold true of a well controlled ex- 
haust temperature. 

Reviewing briefly then the path of 
any given droplet through the dough 
stage to the dry powder stage is as 
follows: First a very humid air just 
before being exhausted at a tempera- 
ture of about 160F, then through 
zones of dryer and hotter air, and 
finally through the finishing drying 
zone of 180 F. The particle of powder 
or solids never reaches the tempera- 
ture of the air due to the cooling ef- 
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fect of the rapid evaporation. Powder 
leaving the drying chamber averages 
50 to 60F below the cone tempera- 
ture. 

As previously mentioned the ex- 
haust air from the drying chamber is 
only partially saturated, and as this 
air leaves the drying chamber it en- 
ters the liquid collector of the sys- 
tem. Here the air is washed free of 
any fine powder particles which may 
come over with it, and also this air 
picks up additional moisture. It is 
not difficult to incorporate this addi- 
tional moisture into the air, as the 
air passes through the spray of hot 
milk. Milk at a temperature of 170 F 
is sprayed into the liquid collector 
through small holes. These holes are 
large enough to give sufficient 
strength to the spray to carry it 
through the high velocity air and to 
the side wall where it flows back into 
the tank of the liquid collector from 
where the concentrated milk passes 
to the high pressure pump to the 
atomizing nozzle in the drying 
chamber. 

The spray nozzle is placed just at 
the top of the cone and in the center 
of the circle. The finely atomized 
spray gives up its moisture very 
rapidly and it travels out with the 
air. The powder moves downward 
and out of the drying chamber and 
into the powder hopper and through 
the sifter and here it enters the 
barrel or package. 

The liquid collector with its sprays 
of fluid milk reduces the volume of 
the air as it enters. Due to the incor- 
poration of the moisture in the air and 
the drop in the air temperature due 
to the high rate of evaporation in 
the collector there is a material de- 
crease in static pressure in the tunnel 
that connects the drying chamber and 
the liquid collector. Ordinarily the 
supposition would be that the sprays 
in the collector have a retarding ef- 
fect on the flow of the air through 
it, but the exact opposite is the case. 

We have always used the single 
spray nozzle in our drying chamber 
so that the shape of the spray con- 
forms to the shape of the drying 
chamber, so that as each particle 
travels away from the nozzle radially 
and also in a cyclonic direction, it 
travels the same distance as every 
other particle and it does this in a 
very definite period of time. The high 
cyclonic movement of the air in the 
drying chamber tends to throw the 
powder out of the air as well as in- 
crease the distance traveled by any 
given particle. The fact that the 
cyclone throws the powder out gives 
a powder and air separator right in 
the drying chamber, thereby elimi- 
nating the necessity of doing this in 
a second powder hopper. As the 
powder leaves the drying chamber 
only enough air is blown into the pow- 
der to convey the powder. Part of 
this air is room air and a small 
amount of it comes from the bottom 
of the drying chamber with the 
powder. 
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ILLINOIS CHAPTER MEMBERS 
AID RATIONING BOARDS 


The president of the Illinois Chap- 
ter of the ASHVE, C. E. Price, Man- 
ager, Keeney Publishing Co., Chicago, 
has re-appointed John Howatt, Chief 
Engineer, Chicago Board of Educa- 
tion, as chairman of the chapter’s 
engineering advisory committee for 
fuel conservation for the 1943-44 sea- 
son, and has offered the engineering 
and technical services of the chapter 
to the local offices of the OPA, PAW, 
WPB and OCD. The other members 
of the committee are A. B. Martin, 
Branch Manager, Kewanee Boiler Co., 
and C. M. Burnam, Jr., Editor, Heat- 
ing, Piping & Air Conditioning, both 
of Chicago. 

This committee was initiated last 
year by E. M. Mittendorff, Engineer, 
Sarco Co., Inc., Chicago, then presi- 
dent of the Illinois Chapter. At that 
time, a chapter member or another 
engineer was named to serve each of 
the war price and rationing boards 
in the Chicago area as technical ad- 
viser on oil rationing and conserva- 
tion problems. Many of these ad- 
visers have become members of the 
local boards they serve as technical 
advisers. 

Under the guidance of the chapter 
president and the engineering ad- 
visory committee for fuel conserva- 
tion, chapter members have worked 
and are working in close cooperation 
with local boards on conversion prob- 
lems requiring engineering knowl- 
edge, as well as on routine processing 
and tailoring of oil rations, issuance 
of auxiliary and hardship oil rations, 
and other rationing procedures. 
Through a series of mailings sent to 
chapter members engaged in this ac- 
tivity, Chairman Howatt has kept 
them informed of amendments to OPA 
fuel oil regulations and methods of 
handling particular cases. This work 
is to continue during the coming year. 


THE ARMY NEEDS 
ENGINEERS’ HELP 


The National Inventors Council has 
secured the consent of the Army to 
the release of a list of some of the 
problems in which the Army is in- 
terested. A practical and effective 
solution of any of them will be a real 
contribution to the war effort. Actual 
war experience has shown the need 
of various devices or methods not 
practically available, and has also 
shown the need or the desirability of 
substitutes or alternatives for de- 
vices and methods which are already 
in our possession. 

While information of the needs of 
the Army has only been given to 
agencies officially authorized to re- 
ceive and use it, such a list has not 
heretofore been released since it 
might give information of what we 
possess or do not possess. The pres- 
ent list is not of this character and 
is being released to appropriate pro- 
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fessional societies and research or- 
ganizations in order that it may be 
passed along to their membership. 
Additional lists may be released in 
the future. 


Suggestions on any of these prob- 
lems should be submitted to the Na- 
tional Inventors Council, Room 1313, 
Commerce Building, Washington, 
D. C., and should comprise a clear 
description of the proposal with such 
sketches or drawings as may be 
necessary. 


Some Problems in Which the Army 
Is Interested 


1. A method of removing the tetrae- 
thyl lead from leaded gasoline to make 
it usable in stoves, lanterns and small 
engines. 

2. An inexpensive metal suitable for 
Quartermaster tableware; one having 
requisite strength, freedom from corro- 
sion by food acids or alkalis; durability 
and attractiveness. 

3. Suitable substitute for rubber for 
insulating wire; should be flexible and 
durable. 

4. Detectors of enemy personnel who 
may be approaching (unseen) on jungle 
trails or fences or similar barriers. 

5. Sonic or supersonic means or meth- 
ods of signalling in the field. 

6. Improved means or methods of sig- 
nalling the identification of ground troops 
to friendly airplanes and vice versa. 

7. Improved traction devices for 
wheeled vehicles of all types. Note: 
Present chains and other devices are 
cumbersome, inconvenient to apply and 
remove and lack sufficient traction. 

8. Tracks for tractors and other mo- 
torized equipment which will operate 
efficiently in snow and extreme cold. 

9. Better air cleaners for use on tank 
engines and the like; more effective than 
present cleaners and requiring less main- 
tenance. 

10. Methods of quick-action water- 
proofing for enabling vehicles to ford 
water several feet deep, without stalling 
engines. 

ll. Storage battery not adversely af- 
fected by very low temperatures. 

12. The detector and method of locat- 
ing non-metallic land mines. 

13. Equipment or methods for remov- 
ing land mines rapidly from mine fields 
without injury to equipment or per- 
sonnel. 

14. Methods of rust-proofing ferrous 
metals, which are more durable than 
peeseas methods, such as bonderizing, 
ete. 

15. Absorbents for carbon monoxide or 
catalysts or other means for oxidation 
of this gas to render it non-injurious to 
personnel. 

16. Means of defeating darkness to 
permit vision at night without aid of 
visible reflected light. Note: Probably 
involves an apparatus to translate infra 
red rays to visible light. 

17. Means of long distance communi- 
cation outside the present scope of radio 
and not restricted by line-of-sight pro- 
jection. 

18. Searchlights which may afford 
ready means for spreading the beam 
from narrow high intensity to 15 deg of 
greatest Intensity practicable. 

19. A simple non-toxic process for 
darkening aluminum and other metals; 
to make them non-reflectant to light. 

20. Methods of sabotage by friendly in- 
habitants within occupied areas. 


H. W. SKINNER DIES 
IN FORT WORTH 


Word has reached us recently of 
the death of Henry W. Skinner, on 
March 24, 1943 in the Methodist Hos- 
pital. A consulting engineer of Fort 
Worth, Tex., he was a member of 
the ASHVE since 1920. Mr. Skinner 
was born on February 10, 1877 in 
Osage, Ia., where he received his early 
education. He was graduated from the 





Iowa State College, Ames, wit) 
degree in mechanical engineerin; 


In 1908 he was in charge of «4 
sign and specifications for distriby. 
tion mains, heating plans, and cop 
struction at the U. S. Naval Train 
Station, Great Lakes, Ill. Comple 
ing his job there in 1911 he becay 
superintendent in charge of {| 
Southern Pacific Office Building ; 
Houston, Tex., where he remain 
for three years. In 1912 he join 
Marshall and Fox, Chicago, la 
designing engineer had charg 
the mechanical equipment i: 
C. B. & Q. office building, the | 
and Gibbons buildings, apart: 
buildings on the north shore, ¢ 
Home Office Building for the N\ 
Mutual Life Insurance Co. in \ 
waukee, and the Kaiserhof and Mor 
rison hotels in Chicago. 


The following year as represent 
tive for Jarvis Hunt, Chicago, 
was in charge of the constructior 
the Dallas (Texas) Union Stat 
as well as the mechanical work 
Chicago. He returned to the U. § 
Naval Training Station in 
where he was in charge of the water | 
purification and pumping works 
From 1919-1922 he was in charg 
all mechanical work in the Jarvis 
Hunt office. Having specialized 
the mechanical equipment of | 
ings he later became associated wit 
Rapp and Rapp, Chicago, in char 
of specifications. Following this 
nection he became associated wit! 
Wyatt C. Hedrick, Inc., Fort Wort 
where he remained for five years a 
mechanical engineer on over 100 pro, 
ects. In 1931 he went into busines: 
for himself as consulting engin , 
which he carried on until 1941 w! , 
he became mechanical engineer 
the Austin Co., Fort Worth. 


In a memorial to Mr. Skinner, © a 
of the Society’s North Texas Chap" 
members, R. K. Werner, delivered t os 
following eulogy: 

“Henry Skinner had almost # 
tained to the Psalmist’s three score 
and ten when he received the fina 
summons from that world which 
the bourne of all the children of eart’ 
He led a life somewhat secluded ‘ro 
the public, and his qualities of m" 
and his fine attributes of heart wer 








not worn as a badge, and were 0 fo 
conspicuous except to the few in = 
mates who delighted in his friends). > 
Henry Skinner was of that type © rs 


men who frequently hide their ine 


sensibilities from the view of the! as 


fellowmen, in consequence of whi’ ~ 
they are so often misjudged by thos a 
who do not know them, and who # 
therefore in no position to judge © the 
what lies within. You had to kn" ™ 


him in order to appreciate and "* 
him. And in the language of the p* it j 
Longfellow, who said, 

‘The lives of great men all ! n Th 

That we may make our livé ! 

And departing leave behine 

Footprints on the sands of tim 

“Henry Skinner has left footpr!™® AD 
on the sands of time. oi 

“He had led a full life not with AL 
anxiety and care, and he had sous” 
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yout 
ght 


tor 


to meet the vicissitudes of life’s strug- 
gle bravely and with a high resolve to 
keep his name clean and blameless and 
he had no fear of the world’s opinion, 
and could look his conscience in the 
face without dread and without re- 
proach, He was in many respects as 
simple and as trusting as a child, in 
all things an honest gentleman, who 
sought the ways of truth and too, con- 
cealed beneath the brusque exterior 
there lay a mine of love and affection 
for his friends.” 


In the death of Henry W. Skinner 
his fellow members lost a true friend, 
a fine, kindly gentleman, who will be 
missed and mourned by all with 
whom he was associated. 

The Officers and Council of the So- 
ciety extend their sincere and heart- 
felt sympathy to his widow and fam- 


DR. H. B. MELLER, AIR 
POLLUTION SPECIALIST, DIES 

Dr. H. B. Meller, a world authority 
on air pollution and smoke preven- 
tion, died at the Magee Hospital, 
Pittsburgh, on June 27, after a long 
illness, at the age of 65. 

Dr. Meller served as a member of 
the ASHVE Technical Advisory Com- 
mittee on Atmospheric Impurities 
and Resulting Safety and Health Re- 
quirements in 1936-37, and as chair- 
man of the sub-committee on Air 
Pollution and Purification in 1939, 
and as a member of the Air Pollution 
Committee in 1940. 

In connection with his work at the 
Mellon Institute for two decades, Dr. 
Meller became known internationally 
as a specialist on air pollution, and 


adopted an anti-smoke ordinance 
which became a model for other 
cities throughout the country. He 
was ever ready to lend his valuable 
assistance to the many municipal offi- 
cials seeking data on smoke abate- 
ment. 

From 1920 to 1938 he was in 
charge of Pittsburgh’s Bureau of 
Smoke Regulation in the City’s Health 
Department. During the depression 
years, in this capacity, he directed a 
WPA project for scientifically trained 
personnel, and collected a wealth of 
data on the city’s air pollution prob- 
lems. 

He will be greatly missed by his 
many friends and associates with 
whom he served on the various Re- 
search Technical Advisory Commit- 





ily who survive. through his’ efforts, Pittsburgh tees of the Society. 


SUMMARY OF LOCAL CHAPTER MEETINGS 








| 
ATTENDANCE 
RATIO* 


MEETING 


DATE | SUBJECT SPEAKERS | OTHER FEATURES ATTENDANCE 


CHAPTER 





j 


Southern /|June 9 Aircraft Engine) W. H. Allen, Engr.) Installation of New Of- 38 0.30 
California | Superchargers. | General Electric ficers for 1943-44. 
| Co. 
| | Meetings Adjourned un- 
til Sept. 8, 1943. 


May 27 Annual Election—| A. L. Hard. 32 0.66 
New Officers: ! 
Pres. Albert! 
Buenger; Vice- | 
Pres. G. V. Sut-| 
_ fin; Sec’y-Treas. | 
E. J. Richard. | 
| Board of Gover- | 
nors: A. W. Ed-| 
| wards. ! 
‘Noon Business | Nomination of New Of- 14 0.14 
Meeting. | ficers 
Evening Meeting Dr. C. A. Mann 26 0.27 
| —Versatility of | 
| Plastics 





Cincinnati 


Minnesota | April 5 








*The attendance ratios shown represent the meeting attendance divided by the Chapter membership. These will be useful 


as a partial indication of interest shown by local chapter members in various types of subjects programmed by other local chapters, 
and may be helpful in deciding on subjects for other chapter meet ings 





The Constitution of the Society, as now amended, requir es the following mode of procedure in voting on applicants 
for membership in the Society. All applications for membership are to be sent to the Secretary and the names of appli- 
cants and their references shall be printed in the next issue of the Journal of the Society or sent to the members in other 
approved manner as ordered by the Council. When replies are received from references, the Candidate’s application 
shall be submitted to and acted upon by the Committee on Admission and Advancement as soon as possible. 

_When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and 
assigned his grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 
During the past month 23 applications for membership have been received and the names of these men and their sponsors 
are published in the following list. 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, 
the Couneil, urge the members to assume their share of responsibility of receiving these candidates into membership 
by advising the Secretary promptly of any whose eligibility for membership is in any way questioned. 

., All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which 
itis the duty of every member to promote. 

Unless objection is made by some member by August 15, 1943, these candidates will be balloted upon by the Council. 
Those elected to membership will be notified by the Secretary immediately after election. 

CANDIDATES REFERENCES 

Seconders 
W. H. Driscoll 
G. E. Olsen . 


G. E. Olsen 
Dudley F. Parker 


Proposers 


Homer Addams 
W. H. Carrier 


Homer Addams 
James A. Donnelly 


ADDAMs, PauL K., Executive Vice-President and Treasurer, 
Fitzgibbons Boiler Co., Inc., New York, New York. 


ALMERT, HAROLD, Consulting Eng., New York, New York. 
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BERMEL, A. H., Chief Mechanical Estimating Engineer, August 
Arace & Sons, Inc., Elizabeth, N. J. (Advancement) 

CouLTER, THOs. H., Secretary, Vermiculite Research Institute, 
Chicago, Ill. 

— re H., Foreman, Wright Aeronautical Corp., Lock- 
and, O. 

DICKINSON, NEVILLE S., Engr. & Owner, Motor Sales & En- 
gineering Co., Inc., Newark, N. J. 

ELSIE, Rosert L., Purchasing Agent, Atlas Engineering and 
Machine Co., Ltd., Toronto, Ont., Canada. 

FARRELL, EDWARD J., Partner, Farrell & White, Detroit, Mich. 


GILMORE, JOHN L., Owner, John L. Gilmore, Htg., Vtg., Bruns- 
wick, Ga. (Advancement) 


a Howarp R., Office Mgr., Thos. J. Sheehan Co., St. Louis, 

0. 

HAPPERFIELD, GILBERT J., Dir., Chandos Engineering Co., Ltd., 
London W 1, England. 

HARRINGTON, D. W., Sales Engineer, Dallas Air Conditioning 
Co., Dallas, Tex. 

Long, D. A., Sales Engineer, Trane Co. of Canada, Ltd., Toronto, 
Ont., Canada. 

MARTIN, WILLIAM T., Chief Engineer, Beech-Nut Packing Co., 
Canajoharie, N. Y. 

NEILANS, J. L., Draftsman, Trane Co. of Canada, Ltd., Toronto, 
Ont., Canada. 

PoLaD, THOMAS H., Asst. Chief Engineer, Rudy Furnace Co., 
Dowagiac, Mich. 

— WILKEs C., Engineer, Six Associates, Inc., Nashville, 

enn. 

ROSEBROUGH, J. StopparpD, Sales Engineer, L. J. Mueller Fur- 
nace Co., St. Louis, Mo. (Advancement) 

SCHWARZ, GEO. C., General Manager, Thos. J. Sheehan Co., St. 
Louis, Mo. 

Scott, CLARENCE E., Mgr., Industrial Heating and Refrigera- 
tion Division, Fedders Mfg. Co., Inc., Buffalo, N. Y. (Re- 
instatement and Advancement) 

THOMAS, FRANK M., District Sales Manager, Oklahoma Natural 
Gas Co., Tulsa, Okla. 

TUTTLE, ALBERT J., Draughtsman, R.A.A.F., Victoria, Australia. 


Watts, LEONARD C., Partner, J. Roger Preston & Partners, Lon- 
don, Eng. 





*Non-member. 





L. B. Ray 

J. H. Broome 

C. M. Burnam, Jr. 
C. E. Price 
Harry B. Matzen 
*Charles G. Mingley 
Ernest Szekely 
W. C. Kruse, Jr. 
G. E. Cole 

H. H. Angus 

W. H. Old 

E. F. Hyde 

W. J. McKinney 
C. L. Templin 

H. C. Sharp 

G. B. Rodenheiser 
W. G. Case 

*T. E. Barnes 
M. L. Brown 
E. T. Gessell 

W. O'Neill 
A. Jennings 

S. Ellithorp 
. E. Stacey, Jr. 
W. O'Neill 

A. Jennings 

Vv Torr 
S. Cunningham 
K. Campbell 
oger P. Campbell 
. W. Moon 
. E. Carlson 
. C. Sharp 

R. Davis 
. F. Blankin 
. A. Whitt 


* 


OM Br pi Sa mes me 


— 


A. Grossman 
H. Dean 

. E, Atherton 
. A. Roseby 

’. W. Nobbs 

. N. Haden 


Qf4FOm ne 





*G. G. Eckstein 
*A. T. Petroff 
F. P. Keeney 
J. S. Kearney 
F. S. Abbott 


E. J. Richard 


L. B. Ray ‘ 
H. P. Morehouse 1 
S. A. Jennings 

V. J. Jenkinson 

R. S. M. Wilde 

M. B. Shea } 
*W. F. Peirce 

*F. N. Buzzard 

C. R. Davis 

W. J. Oonk 

*R. G. Crittall 

*J. R. Kell 

J. A. Ray 

E. J. Stern 

V. J. Jenkinson 

A. J. Strain 

*W. F. Lampe 

*E. W. Shineman 

V. J. Jenkinson 

A. J. Strain 

G. D. Woodhouse 

J. C. Harden 

*W. W. Droget 

*A. Lord 

B. C. Simons 

C. E. Hartwein 

E. E. Carlson 

W. J. Oonk 

*A. E. Reiss 

*Joseph Askin 


*H. C. Pierce 
*J. H. Wardell 
S. R. Bell 

*J. M. Picot 
G. R. Jackson 
*R. G. Crittall 


In the past issues of the Journal of the Society the names of the following men were listed as Candidates for Member- | 
ship. The membership grade of each candidate has been assigned by the Committee on Admission and Advancement and 
balloted upon by the Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 5, 


of the By-Laws, the following list of candidates elected: 


MEMBERS 


CALLAHAN, THOMAS H., Owner, Callahan Equipment Co., 
Inc., White Plains, N. Y. (Reinstatement) 

DouGLass, THomas C., Mgr. & Secretary, Mech. Dept., 
Pacific Electrical Co., Inc., San Francisco, Calif. (Re- 
instatement) 

Foote, AVERY G., Chief, Heat Transfer Section, Curtiss- 
Wright Corp., Research Laboratory, Buffalo (5), N. Y. 


(Reinstatement) ; 
GuILuory, J. M., Manager, Industrial & Commercial En- 


REILLY, J. HAkRY, Design Engineer, Federal Shipbuilding 
& D. D. Co., Newark, N. J. (Reinstatement) 

ROBINSON, K. E., Engineer, Lansing, Mich. (Advanceme 

Scott, Wirt S., Air Conditioning Engr., Philadelphia Elec- 
tric Co., Philadelphia, Pa. 

SINISH, WILLIAM R., Design Engr., Wyatt C. Hedrick, 
Architect & Engineers, Fort Worth, Tex. 

WALSH, JAMEs A., President, Air Conditioning Co., Houstor 
Tex. (Advancement) 


SAAAAKR Be eee 
2 > 4 w¥-1-3 4-4 


gineering Division, New Orleans Public Service, Inc., ASSOCIATES 
New Orleans, La. 

HopeAux, WALTER L., Mechanical Consultant, Florida As- BrinpeLL, Cart E., Sales Representative, Cressy-Legget & 
sociates, West Palm mange! ge erie i Brindell, New Orleans, La. 

Howe, WILLIS W., Sausalito, Calif. (Reinstatement - Se a ae Or 

Marc, HENRI M., Asst. Dir. of Research, The Philip Carey — a ere Cresay-Leg 
Mfg. Co., Lockland, Cincinnati, Ohio. A ss 4 : . ‘ Halliday Dy 

McMICHAEL, CHESTER L., Sales Engineer, H. H. Wright GLASS, Ropert, Secy.-Treas.-Supt., Partridge-Haliida 
Co., Kansas City, Mo. Ltd., Winnipeg, Man., Canada. . x 

Musser, Net B., Senior Naval Architect, U. S. Maritime SCHROEDER, DELMAN E., Test Engr., Murray Iron Works Uo. ie 
Commission, Oakland, Calif. Burlington, Ia. Wa 

Pasteur, HuGH W., Export Manager, J. E. Hall, Ltd, Wittiams, E. Bryan, Laboratory Mgr., The Torrington We 
Dartford, Kent, England. Mfg. Co., Torrington, Conn. Wi 
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Officers 


president..... ee eeee : Terie ..M. F. BLANKIN 
First Vice-President , xed vounes baneeveue, ee eee 
Se d Vice-President : .C.-E. A. WINSLOW 
Treasurer. ...++.. : ‘ , eeadpan ae E. K. CAMPBELL 
SecretGPTh . .ceccsees »+++++- A. V. HUTCHINSON 


EFI OOOO TE err tTC ee Cart H,. FLINK 


Council 


M. F. BLANKIN, Chairman S. H. Downs, Vice-Chairman 


rhree Years: J. F. Cotuins, Jr., James Hott, E N. MCDONNELL, 
H. URDAHL., 
Two Years: L. G. Micuer, A. J. Orrner, A. E. Stacey, Jr., B. M 


Voops. 


e Year: E. O. Eastwoop, A. P. Kratz, W. A. Russe. L. P 
Saunpers, C. TASKER, 


. > 
Council Committees 
tive—E. O. Eastwood, Chairman; A. P. Kratz, E. N. Me- 
nnell 
cCe=- J F Collins, Jr.. Chairman . C.-E A. Winslow B, M 


Woods 


Vembership—E. K. Campbell, Chairman; A. J. Offner. W. A 
R ssell. 
feetings—S. H. Downs, Chairman; James Holt. C. Tasker. 
ards—L. P. Saunders, Chairman; L. G. Miller, T. H. Urdahl. 


Advisory Council 


O Eastwood, Chairman; Homer Addams, D. S. Boyden, W. H 
rrier, S. E. Dibble, W. H. Driscoll, W. L. Fleisher, H. P. Gant. 
Giesecke, EF. Holt Gurney, L. A. Harding. H. M. Hart. C. V 
Haynes, E. Vernon Hill, John Howatt, W T. Jones, D. D. Kimball 
; Larson, S. R. Lewis, Thornton Lewis, J. F. McIntire, F. B. 
ey and A. C. Willard 


Special Committees 


idn ission and Advancement: E. P. Heckel, Chairman (one vear): 
[s Tucker (two vears): H ferklevy Hedges (three years) 
iSH 1 F -ASTM-ASRE-NRC Committee on Thermal Conductivity 
C Houghten, Chairman; C. B. Bradley, H. C. Dickinson. R 
H. Heilman, E. R. Queer, F. B. Rowley, T. S. Taylor, G. B 
Wilkes 
1SHVE-IES Joint Committee on Lighting and Air Conditioning 
H. M. Sharp, Chairman; W. R. Beach, B. C. Can lee, W. G 
Darley, C. L. Kribs, Jr.. P. M. Rutherford, Jr 
Chapter Relations—J. F. Collins, Jr., Chairman °>L. P 


- _—-- Saunders 
H. E. Sproull. 


Constitution and By-Laws—L. T. Avery, Chairman: M. W. Bishop 
R, A. Miller ctl 

F Paul Anderson Award—S. H. Downs, Chairman; Tom Brown. 
F. E. Giesecke, L. L. Lewis and F. B Rowley. 

Guide Publication P. D. Close. Chairman: 
James, S. Konzo, C. S. Leopold. 


Publication—C, H. B. Hotchkiss, Chairman 
Walker (two years); L. E 


Thomas Chester, John 


(one wear); J. H 
Seeley (three years). 


War Service—John Howatt, Chairman ; W. H. Driscoll, E. N. Me- 
Donnell, L. E. Seeley, B. M. Woods. : 


Nominating Committee 


Representative Alternate 





atl T. T. Tucker L. F. Kent 
M. E. Mathewson E. W. McNamee 
L. E. Seeley H. E Adams 
t G. E. May G. C. Kerr 
en Gate 3o. M. Woods 
$ E. M. Mittendorff A. O. May 
i uf F. E. Triggs C. W. Helstrom 
sas City L. T. Mart M. M. Rivard 
‘anitoba Ivan McDonald Einar Anderson 
Ssachusetts E. G. Carrier A. C. Bartlett 
Wichigan M. B. Shea S. 8S. Sanford 
mesota R. E. Backstrom William McNamara 


G. P. Ste-Marie 
H,. H, Bond 

BR. G. Peterson 
F. E. P. Klages 
T. H. Anspacher 
E. T. P. Ellingson E. F. Dawson 
V. J. Jenkinson H, R. Roth 

B. W. Farnes 


R. R. Noyes 
C. S. Koehler 
W. R. White 
Arvin Page 





ifle Northwest R. D. Morse E. H. Langdon 
tee H. H. Mather Edwin Elliot 
ep en E. C, Smyers E. H. Riesmeyer, Jr. 


Seth ae C. F. Boester 
oth Texas J. A. Walsh 

Wa hern California W. O. Stewart Leo Hungerford 
washington, D. C, J. W. Markert F. A. Leser 

vot Michigan T. D. Stafford L. G. Miller 

wert New York H. C. Schafer S. M. Quackenbush 
“sconsin Cc. H. Randolph Ernest Szekely 


M. F. Carlock 
A. J. Rummel 


Officers of Local Chapters 


Atlanta: Organized, 19 Headquarters, Atlanta, Ga Meets, 
First Monday. President, A. H. Koch, 3687 Peachtree Rd. Secre 


tary, L. F. Lawrence, Jr., 304-101 Marietta St., Atlanta Cin- 
cinnati: Organized, 1932 Headquarters, Cincinnati, © Meets, 
Second Tuesday Honorary President, Capt. C. E. Hust, Presi- 
dent, Albert Buenger, Hotel Gibson Secretary, E. J. Richard 


2137 Reading Rd., Cincinnati 2 Connecticut: Organized, 1940 
Headquarters, New Haven, Conn President, C. J. Lyons, Wilson 
Ave., S. Norwalk. Secretary, J. R. Smak, 160 Morehouse High- 
way, Fairfield. Delta: Organized, 1939 Headquarters, New Or- 
leans, La. Meets, Second Tuesday President, | V. Cressy, 916 
Union St., New Orleans 13. Secretary, J. S. Burke 7 Baronne 
St., New Orleans 9. Golden Gate: Organized, 1937 Headquarters 
San Francisco, Calif. Meets, First Wednesday President, R. A 
Folsom, 150 Hooper St. Secretary, R. B. Holland, 1275 Folsom St 
Ittinois: Organized, 1906. Headquarters, Chicago, Il Meets, Se« 

ond Monday. President, Chas. E. Price, Room 1605, 6 N. Michigan 
Ave., Chicago 2. Secretary, C. M. Burnam, Jr Room 1605, 6 N 
Michigan Ave., Chicago 2 


lowa: Organized, 1940 Headquarters, Des Moine la Meet 
Second Tuesday President { Helstron 1614 Thompson 


Secretary, B. FE. Landes, 1603 47th St., Des Moines 1 Kansas 
City: Organized, 1917 Headquarters, Kansas City, M Meet 

Second Monday President, M. M. Rivard, 4550 Main St secre 

tary, D. M. Aller 10 Board of Trade Bidg Kansa City ¢ 
Manitoba: Organized, 1935, Headquarters, Winnipeg, Man. Meets 
Third Thursday President, P. L. Charles 206 Tribune Bidg 
Secretary, Einar Anderson, 152 Bannerman Ave Massachusetts: 


Organized, 1912 Headquarters Boston Mass Meets Third 
Tuesday President, E. G. Carrier, 704 Statler Bide Secretary 
R. T. Kern, 51 Claflin St., Leominster. Michigan: Organized, 191' 
Headquarters, Detroit, Mich. Meets, First Monday after 10th of 


Month President, S. S. Sanford, 2000 Second Ave Secretary 
A. E. Knibb, 1003 Maryland Ave Detroit 30. Minnesota: Organ 
ized, 1918 Headquarters, Minneapolis, Minn Meets, First Mon 


day. President, William McNamara, 850 Cromwell Avs St. Paul 
Secretary, A. W. Schultz, 240 Seventh Ave S., Minneapoli 


Montreal: Organized 1936. Headquarters, Montreal, Que. Meet 
Third Monday. President, F. A. Hamlet, 1010 St. Catherine St., W 
Secretary, R. R. Noyes, 630 Dorchester St., W. Nebraska: Organ 
ized, 1940. Headquarters, Omaha. Meets, Second Tuesday. Presi- 
dent, G. E. Merwin, 5012 Parker St., Secretary E. F. Adams, 1227 
So. 52nd St New York: Organized, 1%11 Headquarters, New 
York, N. Y Meets, Third Monday President, R. A. Wasso! iM 
Fifth Ave. Secretary, P. G. Griess, 189 Walnut Ave Bogota, N. J 
North Carolina: Organized, 1939. Headquarters, Durham, N. ©C 
Meets, Quarterly President, F. J. Reed, 263 College Station 
Secretary, C. Z. Adams, 312 Piedmont Bldg., Greensbor« North 
Texas: Organized, 1938. Headquarters, Dallas, Tex. Meets, Sec- 
ond Monday. President, M. L. Brown, 3500 Commerce St. Secre- 
tary, E. T. Gessell, Thomas Bldg. Northern Ohio: Organized 
1916. Headquarters, Cleveland, 0. Meets, Second Monday Presi- 
dent, P. D. Gayman, 2142 E. 19th St. Secretary, G. B. Priester, 
Case School of Applied Science, Cleveland 6 


Oklahoma: Organized, 1935. Headquarters, Oklahoma City 
Okla. Meets, Second Monday President, E. F. Dawson, Univer- 
sity of Oklahoma, Norman Secretary, E. T. P. Ellingson, 314 
Savings Bidg., Oklahoma City 2 Ontario: Organized 1922 
Headquarters, Toronto, Ont Meets, First Monday President 
W. C. Kelly, 602 King St., W. Secretary, H. R. Roth, 57 Bloor 
St., W. Oregon: Organized, 1939. Headquarters, Portland, Ore 
Meets, Thursday after First Tuesday President, J. A. Freeman 
1623 S. E. 11th Ave. Secretary, G. H. Risley, 516 S. W. Oak St 
Portland 4. Pacific Northwest: Organized, 1928. Headquarters 
Seattle, Wash. Meets, Second Tuesday President, R. D. Morse 
1404 White Blde. Secretary, J. D. Sparks, 7331 W. Green Lake 
Way, Seattle 3. Philadelphia: Organized, 1916. Headquarters, Phil- 
adelphia, Pa. Meets, Second Thursday President, Edwin Elliot 
560 N. 16th St. Secretary, E. H. Dafter, Room 2211, 12 8S. 12t! 
St., Philadelphia 7. Pittsburgh: Organized, 1919. Headquarters 
Pittsburgh, Pa. Meets, Second Monday President, G. G. Waters 
1841 Oliver Bldg. Secretary, E. H. Riesmeyer, Jr., 231 Water 
St., Pittsburgh 22 


St. Louis: Organized, 1918. Headquarters, St. Louis, Mo. Meets 
First Tuesday. President, C. F. Boester, 101 E. Essex, Kirkwood 
Secretary, B. C. Simons, Rm. 706, 4030 Chouteau, St. Louls 10 
South Texas: Organized, 1938 Headquarters, Houston, Texas 
Meets, Third Friday. President. A. M. Chase, Jr., Box 359. Sec- 
retary, A. F. Barnes, 602 Kirby Bldg., Houston 2. Southern Cali- 
forn’'a: Organized, 1930. Headquarters, Los Angeles, Calif. Meets, 
Second Wednesday. President, W. O. Stewart, 153 W. Avenue 34 
Secretary, Maron Kennedy, 5051 Santa Fe Ave. Washington, 
D. C.: Organized, 1935. Headquarters, Washington, D. C. Meets, 
Second Wednesday. President, S. L. Gregg, 4828 Edgemoor Lane 
Bethesda, Md. Secretary, A. S. Gates, Jr., 111 County Rd., Kensing- 
ton, Md. Western Michigan: Organized, 1931 Headquarters, 
Grand Rapids, Mich. Meets, Second Monday President, Cc. H 
Pesterfield, Michigan State College, East Lansing Secretary, 
V. H. Hill, 2111 Colvin Court, Lansing 10. Western New York: 
Organized, 1919 Headquarters, Buffalo, N. Y Meets, Second 
Monday. President, S. M. Quackenbush, 117 W. Tupper St. Sec- 
retary, Herman Seelbach, Jr., 45 Allen St. Wisconsin: Organized, 
1922. Headquarters, Milwaukee, Wis Meets, Third Monday 
President, F. W. Goldsmith, 513 E. Day Ave. Secretary, E. W. 
Gifford, 611 N. Broadway 
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Three Years: H. J. Rose, L. P. 


Committee on Research 


Cc. M. ASHLEY, Chairman 


H. J. Rose, Vice-Chairman 
Cc. M. Humpureys, Acting Director 
J. H,. WALKER, Technical Adviser 
A. C. Frevpner, Ex-Officio Member 


SauNDERS, L. E. SEEtey, A. FE. 


Sracey, Jr., C. TASKER. 


Two Years: C. F. 


Bogester, JoHN A. Gorr, W. E. Herpe., C. A. 


McKEEMAN, C.-E. A. WINSLOW. 


One Year: C. M. AsHugy, M. K. Fannestock, H. Kina McCain, 


F. C. McIntosH, T. H. UrpARL. 


Executive Committee: 
INTOSH, M. K. FAHNEsSTOCK, H. J. 


Finance Committee: E. N 
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Chairman; F. C. Mc- 


H. URDAHL. 


Cc. M. ASHLEY, 


Rose, T. 


McDOoNNELL, Chairman 
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Technical Advisory Committees 


Sensations 
Adams, C. R 
McIntosh,* A. B. Newton, B 


of Comfort: Thomas Chester, Chairman; N. D. 
Bellamy, G. D. Fife, E. P. Heckel, F. C. 
F. Raber, C. Tasker.* 


Phystological Reactions: R. W. Keeton, M.D., Chairman. 


Removal of Atmospheric Impurities: R. S. Dill, Chairman; 


J. J. Burke, J. M. DallaValle, Leonard Greenburg, M.D., 
Theodore Hatch, W. C. L. Hemeon, L R. Koller, C. A 
McKeeman,* F. H. Munkelt, H. C. Murphy, G. W. Penney, 
E. B. Phelps, F. B. Rowley, J. B. Smith, W. O. Vedder, 
J. H. Waggoner, R. P. Warren, W. F. Wells 

Radiation and Comfort: J. C. Fitts, Chairman; E. L. Brod- 
erick, R. E. Daly, L. N. Hunter, F. W. Hutchinson, A. P. 


Leopold, D. W. Nelson, G. W 


Urdahl.* 


Kratz, John James, C. S. 
Penney, W. R. Rhoton, T. H 


Instruments: D. W. Nelson, Chairman; L. M. K. Boelter, 
E. L. Broderick, R. S. Dill, R. B. Engdahl, A. P. Gagge, J. A. 
Goff,* J. D. Hardy, A. E. Hershey, F. W. Reichelderfer, G. L. 
Tuve, C. P. Yaglou. 


Weather Design Conditions: T. H. Urdahl,* Chairman; J. C. 
Albright, H. S. Birkett, P. D. Close, J. F. Collins, Jr., John 
Everetts, Jr.. C. M. Humphreys, H. H. Koster, J. W. O'Neill, 
F. W. Reichelderfer. 


Radiation with Gravity Air Circulation: M. K. Fahnestock,* 
Chairman ; R. E. Daly, R. S. Dill, A. G. Dixon, F. E. Giesecke, 
H. F. Hutzel, J. P. Magos, J. W. McElgin, J. F. McIntire, 
W. A. Rowe. 


Heat Transfer of Finned Tubes: W. E. Heibel,* Chairman; 
William Goodman, H. F. Hutzel, Ferdinand Jehle, S. F. Nicoll, 
R, H. Norris, L. P. Saunders,* R. J. Tenkonohy, G. L. Tuve, 
D. C. Wiley. 


Cooling Load in Summer Air Conditioning: W. E. Zieber, 
Chairman; John Everetts, Jr., W. F. Friend, R. H. Heilman, 
John James, C. 8S. Leopold, C. O. Mackey, A. E. Stacey, Jr.,* 
G. E. Tuckerman, J. H. Walker,* M. J. Wilson. 


Air Distribution and Air Friction: J. H. Van Alsburg, Chair. 
man; S. H. Downs, E. C. Lloyd, R. D. Madison, L. G. Miller, 
D. W. Nelson, C. H. Randolph, L. P. Saunders,* M. C. Stuart, 


Ernest Szekely, G. L. Tuve. 
Heat Requirements of Buildings: P. D. Close, Chairman; 
E. K. Campbell, J. F. Collins, Jr.. E. F. Dawson, W. H. 


Driscoll, H. H. Mather, H. K. McCain,* M. W. McRae, C. H. 
Pesterfield, F. B. Rowley, R. K. Thulman. 


12 


20 


A. Miller, Chair 
Danielson, H. | 
Hobbie, C. I 
Randall, L. E 
Vincent, G. F 


Air Conditioning Requirements of Glass: R 
man; L. T. Avery, F. L. Bishop, W. A. 
Dickinson, J. D. Edwards, J. E. Frazier, E. H. 
Kribs, Jr., Axel Marin, F. W. Parkinson, W. C 
Seeley,* L. T. Sherwood, J. T. Staples, H. B. 
Watkins, F. C. Weinert. 


Sound Control: R. D. Madison, Chairman; W. W. Kenned 
V. O. Knudsen, C. H. Randolph, A. E. Stacey, Jr.,.* A. G 
Sutcliffe, T. A. Walters, R. M. Watt, Jr 


Condensers and Spray Ponds 


Cooling Towers, Evaporative 
Boester,* W. W. Cockins 


H. B. Nottage, Chairman; C. F. 

S. C. Coey, E. H. Kendall, E. R. Ketchum, S. R. Lewis, J. ! 
Park, S. I. Rottmayer, E. W. Simons, E. H. Taze 
Psychrometry: J. A. Goff,* Chairman; F. R. Bichowsk) 


Gauger 


W. H. Carrier, H. C. Dickinson, R. S. Dill, A. W. 
William Goodman, A. M. Greene, Jr., L. P. Harrison, F. G 
Keyes, A. P. Kratz, D. M. Little, Axel Marin, D. W. Nelson 
W. M. Sawdon. 


Flow of Fluids Through Pipes and Fittings: F. E. Giesecke 
Chairman ; T. M. Dugan, S. R. Lewis, L. P. Saunders.* 
Fuels: R. A. Sherman, Chairman; R. M. Conner, R. §. Dil 
R. B. Engdahl, A. C. Fieldner, L. N. Hunter, S. Konzo, W. M 
Myler, Jr., H. J. Rose,* C. E. Shaffer, T. H. Smoot, R. K 
Thulman, T. H. Urdahl,* E. C. Webb. 


Doremus, E. W 
. 


Corrosion: L. F. Collins, Chairman; R. C. 


Guernsey, G. G. Marvin, A. R. Mumford, L. P. Saunders 
F. N. Speller. 

Air Conditioning in Industry: W. L. Fleisher, Cha an; 
L. T. Avery, A. R. Behnke, M.D., Leonard Greenburg, M.D. 
W. E. Heibel,* F. C. Houghten, D. E. Humphrey, E. F. Hyde 
L. L. Lewis, P. A. McKittrick, R. R. Sayers, M.D., C. Tasker,’ 
R. M. Watt, Jr., H. E. Ziel. 

Sorbents: F. R. Bichowsky, Chairman; O. D. Colvin, F 
Dehler, John Everetts, Jr.. Ralph Fehr, J. A. Goff,* W. RB 
Hainsworth, C. H. B. Hotchkiss, J. C. Patterson, G. L 


Simpson. 


Edwards, F. G 
H. C 
B. 


Insulation: E. R. Queer, Chairman; J. D. 
Heckler, H. K. McCain,* Paul McDermott, W. T. Mille: 
Robinson, F. B. Rowley, G. L. Tuve, J. H. Waggoner, G 
Wilkes. 


2. Heavy Duty Air Heating Furnaces: E. K. Campbell, Chair- 


man; H. D. Campbell, K. T. Davis, A. P. Kratz, W. J. MaGirl, 
A. A. Olson, B. B. Reilly, H. J. Rose,* H. A. Soper. 
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